Human Tumor Necrosis Factor Receptor-Like 2 
S ackgrouna of the Invention ,r 

The present application is a continuation-in-part of U.S. Application No. 
08/464,595, U.S. Application No. 08/462,962, and U.S. Application No. 
08/462,315, each of which ^as filed June 5, 1995, the disclosures of which are 
herein incorporated by reference U.S. Application Nos. 08/464,595, 08/462,962 
and 08/462,315 each claim priority benefit under 35 U.S.C. § 365(c) to 
PCT/US95/05058, filed April 2V 1995, which disclosure is also herein 
incorporated by reference. * 

E icltl of the Invention ' 

The present invention relates to novel members of the Tumor Necrosis 
Factor (TNF) receptor family. More specifically, isolated nucleic acid molecules 
are provided encoding a human TNF receptor-related protein, referred to herein 
as the TR2 receptor of FIG. 1A-1B, having considerable homology to murine 
CD40. Two different TR2 splice variants, referred to as TR2-SV1 and TR2-SV2, 
are also provided. TR2 polypeptides are also provided with homology to human 
type 2 TNF receptor (TNF-RII). Further provided are vectors, host cells and 
recombinant methods for producing the same. The invention also relates to both 
the inhibition and enhancement of the activity of TR2 receptor polypeptides and 
diagnostic methods for detecting TR2 receptor gene expression. 

Related Art 

Human tumor necrosis factors a (TNF-oc) and p (TNF-P or lymphotoxin) 
are related members of a broad class of polypeptide mediators, which includes the 
interferons, interleukins and growth factors, collectively called cytokines (Beutler, 
B. and Cerami, A., Armu. Rev. Immunol., 7:625-655 (1989)). 

Tumor necrosis factor (TNF- a and TNF-P) was originally discovered as 
a result of its anti-tumor activity, however, now it is recognized as a pleiotropic 
cytokine playing important roles in a host of biological processes and pathologies. 



To date, there are ten known members of the TNF-related cytokine family, TNF- 
a, TNF-p (lymphotoxin-a), LT-P, TRAIL and ligands for the Fas receptor, CD30, 
CD27, CD40, OX40 and 4- IBB receptors. These proteins have conserved C- 
terminal sequences and variable N-terminal sequences which are often used as 
membrane anchors, with the exception of TNF-p. Both TNF-a and TNF-p 
function as homotrimers when they bind to TNF receptors. 

TNF is produced by a number of cell types, including monocytes, 
fibroblasts, T-cells, natural killer (NK) cells and predominately by activated 
macrophages. TNF- a has been reported to have a role in the rapid necrosis of 
tumors, immunostimulation, autoimmune disease, graft rejection, producing an 
anti-viral response, septic shock, cerebral malaria, cytotoxicity, protection against 
deleterious effects of ionizing radiation produced during a course of 
chemotherapy, such as denaturation of enzymes, lipid peroxidation and DNA 
damage (Nata el al. t J. Immunol J36(7J:24S3 (1987)), growth regulation, 
vascular endothelium effects and metabolic effects. TNF-a also triggers 
endothelial cells to secrete various factors, including PAJ-1, EL-1, GM-CSF and 
IL-6 to promote cell proliferation. In addition, TNF-a up-regulates various cell 
adhesion molecules such as E-Selectin, ICAM-1 and VCAM-1. TNF-a and the 
Fas ligand have also been shown to induce programmed cell death. 

TNF-p has many activities, including induction of an antiviral state and 
tumor necrosis, activation of polymorphonuclear leukocytes, induction of class I 
major histocompatibility complex antigens on endothelial cells, induction of 
adhesion molecules on endothelium and growth hormone stimulation (Ruddle, N. 
and Homer, R., Prog. Allergy ¥0:162-182 (1988)). 

Both TNF-a and TNF-p are involved in growth regulation and interact 
with hemopoietic cells at several stages of differentiation, inhibiting proliferation 
of various types of precursor cells, and inducing proliferation of immature 
myelomonocytic cells. Porter, A., Tibtech 9:158-162 (1991). 
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Recent studies with "knockout" mice have shown that mice deficient in 
TNF-P production show abnormal development of the peripheral lymphoid organs 
and morphological changes in spleen architecture (reviewed in Aggarwal et al, 
Eur Cytokine Netw, 7^:93-124(1996)). With respect to the lymphoid organs, 
5 the popliteal, inguinal, para-aortic, mesenteric, axillary and cervical lymph nodes 

failed to develop in TNF-P -/- mice. In addition, peripheral blood from TNF-p -/- 
mice contained a three fold reduction in white blood cells as compared to normal 
mice. Peripheral blood from TNF-p -/- mice, however, contained four fold more 
B cells as compared to their normal counterparts. Further, TNF-p, in contrast to 
10 TNF-a has been shown to induce proliferation of EBV-infected B cells. These 

results indicate that TNF-p is involved in lymphocyte development. 

The first step in the induction of the various cellular responses mediated 
by TNF-a or TNF-P is their binding to specific cell surface or soluble receptors. 
Two distinct TNF receptors of approximately 55-KDa (TNF-RI) and 75-KDa 
1 5 (TNF-RII) have been identified (Hohman et al , J. Biol. Chem. , 2 64: 1 4927- 1 493 4 

(1989)), and human and mouse cDNAs corresponding to both receptor types have 
been isolated and characterized (Loetscher et al, Cell 67:351 (1990)). Both 
TNF-Rs share the typical structure of cell surface receptors including extracellular, 
transmembrane and intracellular regions. 
20 These molecules exist not only in cell bound forms, but also in soluble 

forms, consisting of the cleaved extra-cellular domains of the intact receptors 
(Nophar et al, EMBO Journal 9 (10) ;3269-76 (1990)) and othenvise intact 
receptors wherein the transmembrane domain is lacking. The extracellular 
domains of TNF-RI and TNF-RII share 28% identity and are characterized by four 
25 repeated cysteine-rich motifs with significant intersubunit sequence homology. 

The majority of cell types and tissues appear to express both TNF receptors and 
both receptors are active in signal transduction, however, they are able to mediate 
distinct cellular responses. Further, TNF-RII was shown to exclusively mediate 
human T-cell proliferation by TNF as shown in PCT WO 94/09137. 



TNF-RJ dependent responses include accumulation of C-FOS, EL-6, and 
manganese superoxide dismutase mRNA, prostaglandin E2 synthesis, TL-2 
receptor and MHC class I and H cell surface antigen expression, growth inhibition, 
and cytotoxicity. TNF-RJ also triggers second messenger systems such as 
phospholipase A 2 , proteinJtmage C ^hosphatidylcholine-specific phospholipase 
C and sphingomyelinase (-pOp&Ja/., Cell, 75/457-467 (1993)). 

Several interferons and other agents have been shown to regulate the 
expression of TNF receptors. Retinoic acid, for example, has been shown to 
induce the production of TNF receptors in some cells type while down regulating 
production in other cells. In addition, TNF-a has been shown effect the 
localization of both types of receptor. TNF-a induces internalization of TNF-RI 
and secretion of TNF-RII (reviewed in Aggarwal et al., supra). Thus, the 
production and localization of both TNF-Rs are regulated by a variety of agents. 

Both the yeast two hybrid system and co-precipitation and purification 
have been used to identify ligands which associate with both types of the TNF-Rs 
(reviewed in Aggarwal et al, supra and Vandenabeele et al., Trends in Cell Biol. 
5:392-399 (1995)). Several proteins have been identified which interact with the 
cytoplasmic domain of a murine TNF-R. Two of these proteins appear to be 
related to the baculovirus inhibitor of apoptosis, suggesting a direct role for TNF- 
R in the regulation of programmed cell death. 

Summary of the Invention 

The present invention provides isolated nucleic acid molecules comprising 
polynucleotides encoding a TR3yxeceptor and splice variants thereof having the 
amino acid sequences shown in FIGv>A-lB (SEQ ID NO .2), FIG. 4A-4B (SEQ 
ID NO:5) and FIG. 7A-7B (SEQ I&Wg) or the amino acid sequence encoded 
by the cDNA clone encoding the TR2\receptors deposited m-UaGtefiaLlioste as 
ATCC Deposit Numbers 97059, 97058\nd 97057 on February 13, 1995. The 
present invention also relates to recombinant vectors, which include the isolated 
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nucleic acid molecules of the present invention, and to host cells containing the 
recombinant vectors, as well as to EfQhods of making such vectors and host cells 
and for using them for production of TR2 polypeptides or peptides by 
recombinant techniques. \ 

The invention further provides isolated TR2 polypeptides having amino 
acid sequences encoded by the polynucleotides described herein. 

The present invention also provides a screening method for identifying 
compounds capable of enhancing or inhibiting a cellular response induced by TR2 
receptors, which involves contacting cells which express TR2 receptors with the 
candidate compound, assaying a cellular response, and comparing the cellular 
response to a standard cellular response, the standard being assayed when contact 
is made in absence of the candidate compound; whereby, an increased cellular 
response over the standard indicates that the compound is an agonist and a 
decreased cellular response over the standard indicates that the compound is an 
antagonist. 

In another aspect, a screening assay for agonists and antagonists is 
provided which involves determining the effect a candidate compound has on the 
binding of cellular ligands to TR2 receptors. In particular, the method involves 
contacting TR2 receptors with a ligand polypeptide and a candidate compound 
and determining whether ligand binding to the TR2 receptors is increased or 
decreased due to the presence of the candidate compound. 

The invention further provides a diagnostic method useful during diagnosis 
or prognosis of a disease states resulting from aberrant cell proliferation due to 
alterations in TR2 receptor expression. 

An additional aspect of the invention is related to a method for treating an 
individual in need of an increased level of a TR2 receptor activity in the body 
comprising administering to such an individual a composition comprising a 
therapeutically effective amount of isolated TR2 polypeptides of the invention or 
an agonist thereof. 



A still further aspect of the invention is related to a method for treating an 
individual in need of a decreased level of a TR2 receptor activity in the body 
comprising, administering to such an individual a composition comprising a 
therapeutically effective amount of a TR2 receptor antagonist. 

The invention additionally provides soluble forms of the polypeptides of 
the present invention. Soluble peptides are defined by amino acid sequences 
wherein the sequence comprises the polypeptide sequences lacking a 
transmembrane domain. Such soluble forms of the TR2 receptors are useful as 
antagonists of the membrane bound forms of the receptors. 

Brief Description of the Figures 

FIG. 1A-1B shows the nucleotide (SEQ ID NO:l) and deduced amino 
acid (SEQ ID NO: 2) sequences of a TR2 receptor. The protein has a predicted 
leader sequence of about 36 amino acid residues (underlined) (amino acid residues 
-36 to -1 in SEQ ID NO:2) and a deduced molecular weight of about 30,417 kDa, 
It is further predicted that amino acid residues from about 37 to about 200 (amino 
acid residues 1 to 164 in SEQ ID NO:2) constitute the extracellular domain; from 
about 201 to about 225 (amino acid residues 165 to 189 in SEQ ID NO:2) the 
transmembrane domain (underlined); and from about 226 to about 283 (amino 
acid residues 190 to 247 in SEQ ID NO:2) the intracellular domain. Two 
potential asparagine-linked glycosylation sites are located at amino acid positions 
110 and 173 (amino acid residues 74 to 137 in SEQ ID NO:2). 

FIG. 2 shows the regions ^similarity between the amino acid sequences 
of the TR2 receptor protein of FI(?AlA-lB and a murine CD40 protein (SEQ ID 
NO:3). \ 

FIG. 3 shows an analysis of the TR2 receptor amino acid sequence of FIG. 
1A-1B. Alpha, beta, turn and coil regions; hydrophilicity and hydrophobicity; 
amphipathic regions; flexible regions; antigenic index and surface probability are 
shown. In the "Antigenic Index - Jameson-Wolf graph, amino acid residues 39 
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to 70, 106 to 120, 142 to 189 and 276 to 283 in FIG. 1A-1B (amino acid residues 
3 to 34, 70 to 84, 106 to 153 and 240 to 247 in SEQ ID NO:2) correspond to the 
shown highly antigenic regions of the TR2 receptor protein. 

FIG. 4A-4B shows theVudeotide (SEQ ID NO:4) and deduced amino 
acid (SEQ ID NO:5) sequence ^ t he TR2-SV1 receptor. The protein has a 
predicted leader sequence of abou^36 amino acid residues (underlined) (amino 
acid residues -36 to -1 in SEQ ID NO:b and a deduced molecular weight of about 
19.5 kDa. * 

FIG. 5 shows the regions Af^imilarity between the amino acid sequences 
of the full-length TR2-SV1 recejW^rotein and a human type 2 TNF receptor 
(SEQ ID NO:6). \ 

FIG. 6 shows an analysiV of the TR2-SV1 receptor amino acid sequence. 
Alpha, beta, turn and coil regions; Vydrophilicity and hydrophobicity; amphipathic 
regions; flexible regions; antigenic iM6x and surface probability are shown. In the 
'Antigenic Index - Jameson-Wolf ' graph, amino acid residues 39 to 70, 99 to 136 
and 171 to 185 in FIG. 4A-4B (aminoWid residues 3 to 34, 63 to 100 and 135 to 
149 in SEQ ID NO:5) correspond toVhe shown highly antigenic regions of the 
TR2-SV1 receptor protein. A 

FIG. 7A-7B shows the\nucleotide (SEQ ID NO:7) and deduced amino 
acid (SEQ ID NO:8) sequenced the TR2-SV2 receptor. This protein lacks a 
putative leader sequence and has\a deduced molecular weight of about 14 kDa. 

FIG. 8 shows the regiWs of similarity between the amino acid sequences 
of the TR2-SV2 receptor prCffSin and a human type 2 TNF receptor (SEQ ED 
NO:9). \ 

FIG. 9 shows an analyses of the TR2-SV2 receptor amino acid sequence. 
Alpha, beta, turn and coil regiorJ\hydrophilicity and hydrophobicity; amphipathic 
regions; flexible regions; antigeniclSndex and surface probability are shown. In the 
"Antigenic Index - Jameson- Wolf ' fl-aph, amino acid residues 56 to 68 and 93 to 



136 in FIG. 7A-7B (SEQ ID N^8) correspond to the shown highly antigenic 
regions of the TR2-SV2 receptoi^protein. 

FIG. 10 shows the Wions of similarity between the amino acid sequences 
of the TR2 receptor proteiii&HTG. 1 A-1B and the TR2-SV1 receptor protein of 
IG. 4A-4B. \ 

FIG. 1 1 shows the r&riofLs of similarity between the amino acid sequences 
of the TR2 receptor protein b$£}G. 1 A-1B and the TR2-SV2 receptor protein of 
FIG. 7A-7B. \ 

FIG. 12 shows the regWs of similarity between the amino acid sequences 
of the TR2-SV1 and the TR2^SV2 receptor proteins. 

FIG. 13A-13C shWs the regions of similarity between the nucleotide 
sequences encoding the TmUeceptor protein of FIG. 1 A-1B and the TR2-SV1 
receptor protein of FIG. 4AMB. 

FIG. 14A-14C slows the regions of similarity between the nucleotide 
sequences encoding the OL2 receptor protein of FIG. 1A-1B and the TR2-SV2 
receptor protein of FIG. 7A-7B. 

FIG. 15A-15E W)ws the regions of similarity between the nucleotide 
sequences encoding the^FR2-SVl and the TR2-SV2 receptor proteins. 

FIG. 1 6 shows an alignment of the amino acid sequence of the TR2 
receptor of FIG. 1 A-1B (SEQ ID NO:2) with other TNFR family members. The 
amino acid sequence of TR2 was aligned with those of TNFR-I (SEQ ED NO: 10), 
TNFR-II (SEQ ID NO: 11), CD40 (SEQ ID NO: 12) and 4- IBB (SEQ ID NO: 13) 
on the basis of sequence homology and conserved cysteine residues. 

Detailed Description of the Preferred Embodiments 

The present invention provides isolated nucleic acid molecules comprising 
polynucleotides encoding a TR2 pXpeptide (FIG. 1 A-1B (SEQ ID NO:2)) and 
splice variants thereof, TR2-SV1 (Ftp. 4A-4B (SEQ ED NO:5)) and TR2-SV2 
(FIG. 7A-7B (SEQ ID NO: 8)), thfe amino acid sequences of which were 
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determined by sequencing clonedycDNAs. The TR2 protein shown in FIG. 1 A- IB 
shares sequence homology witAthe murine CD40 receptor (FIG. 2 (SEQ ID 
NO:3)). On February 13, 1995 a deposit was made at the American Type Culture 
& Collection, lil^^^ 
5 accession number 97059. The nucleoside sequence shown in FIG. 1 A- IB (SEQ 

ID NO:l) was obtained by sequencing a cDNA clone (Clone ID HLHAB49) 
containing the same amino acid coding sequences as the clone in ATCC Accession 
No. 97059 with minor deviation. The fcDNA sequence shown in FIG. 1A-1B 
(SEQ ID NO: 1) differs from that of the AJCC deposit in the 5' and 3' noncoding 
HK) nucleotide sequences and three nucleotide 

W The cl °ne deposited in ATCC Accession No. 97059 contains 8 nucleotides 

C 5 ' to the TR2 initiation codon and 21 nucleotides 3' to the TR2 stop codon. In 

contrast, the TR2 cDNA sequence of HLHAB49, shown in FIG. 1 A- IB (SEQ ED 
O NO: 1), contains considerably longer non-coding nucleotides sequence on both the 

i 5 5 ' and 3 ' ends of the TR 2 coding sequences. Further, the TR2 receptor nucleotide 

|j sequence shown in FIG. 1 A-1B (SEQ ID NO: 1) contains an adenine at nucleotide 

=fl 3 14, a cytosine at nucleotide 386, and a cytosine at nucleotide 627. In contrast, 

the clone of ATCC Accession No. 97059 contains a guanine at nucleotide 3 14, a 
thymine at nucleotide 386, and a thymine at nucleotide 627. 
20 The TR2 receptors of the present invention include several allelic variants 

containing alterations in at least these three nucleotides and two amino acids. 
Nucleotide sequence variants which have been identified include either guanine or 
adenine at nucleotide 3 14, thymine or cytosine at nucleotide 386, and thymine or 
cytosine at nucleotide 627 shown in FIG. 1A-1B (SEQ ID NO:l). While the 
25 identified alteration at nucleotide 627 is silent, the alteration at nucleotide 386 

results in the codon at nucleotides 385 to 387 encoding either serine or 
phenylalanine and the alteration at nucleotide 314 results in the codon at 
nucleotides 313 to 315 encoding either lysine or arginine. 
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The nucleotide sequenced shown in FIG. 4A-4B (SEQ ID NO:4) and FIG. 
7A-7B (SEQ ID NO:7) were alsoM*ained by sequencing cDNA clones deposited 
on February 13, 1995 at the AjWican Type Culture Collection and 
accession numbers 97058 (TR2-SVl\and 97057 (TR2-SV2), respectively, 
deposited clones are contained in tHje pBluescript SK(-) plasmid (Stratagene, 
LaJolla, CA). 

As used herein the phrase "splice variant" refers to cDNA molecules 
produced from a RNA molecules initially transcribed from the same genomic DNA 
sequence which have undergone alternative RNA splicing. Alternative RNA 
splicing occurs when a primary RNA transcript undergoes splicing, generally for 
the removal of introns, which results in the production of more than one rnRNA 
molecule each of which may encode different amino acid sequences. The term 
"splice variant" also refers to the proteins encoded by the above cDNA molecules. 

As used herein, "TR2 Voteins", "TR2 receptors", "TR2 receptor proteins" 
and "TR2 polypeptides" refer tb all proteins resulting from the alternate splicing 
of the genomic DNA sequencestoncoding proteins having regions of amino acid 
sequence identity and receptor adtivity which correspond to the proteins shown 
in FIG. 1A-1B (SEQ ID NO:2) VlG. 4A-4B (SEQ ID NO:5) or FIG. 7A-7B 
(SEQ ED NO:8). The TR2 protein Shown in FIG. 1 A-1B, the TR2-SV1 protein 
shown FIG. 4A-4B and the TR2-SV2 protein shown in FIG. 7A-7B are examples 
of such receptor proteins. 

Nucleic Acid Molecules 

Unless otherwise indicated, all nucleotide sequences determined by 
sequencing a DNA molecule herein were determined using an automated DNA 
sequencer (such as the Model 373 from Applied Biosystems, Inc.), and all amino 
acid sequences of polypeptides encoded by DNA molecules determined herein 
were predicted by translation of a DNA sequence determined as above. 
Therefore, as is known in the art for any DNA sequence determined by this 



automated approach, any nucleotide sequence determined herein may contain 
some errors. Nucleotide sequences determined by automation are typically at least 
about 90% identical, more typically at least about 95% to at least about 99.9% 
identical to the actual nucleotide sequence of the sequenced DNA molecule. The 
actual sequence can be more precisely determined by other approaches including 
manual DNA sequencing methods well known in the art. As is also known in the 
art, a single insertion or deletion in a determined nucleotide sequence compared 
to the actual sequence will cause a frame shift in translation of the nucleotide 
sequence such that the predicted amino acid sequence encoded by a determined 
nucleotide sequence will be completely different from the amino acid sequence 
actually encoded by the sequenced DNA molecule, beginning at the point of such 
an insertion or deletion. 

Using the information Vovided herein, such as the nucleotide sequence in 
FIG. 1 A- IB, FIG. 4A-4B or FIG. 7A-7B, nucleic acid molecules of the present 
invention encoding TR2 polypeptides may be obtained using standard cloning and 
screening procedures, such as thdrfe>used for cloning cDNAs using mRNA as 
starting material. Illustrative of the intention, the nucleic acid molecule described 
in FIG. 1 A- IB (SEQ ID NO: 1) was discovered in a cDNA library derived from 
activated human T-lymphocytes. The nucleic acid molecules described in FIG. 
4A-4B (SEQ ID NO:4) and FIG. 7A-7SJ (SEQ ID NO:7) were discovered in 
cDNAs library derived from human fetal hekrt and human stimulated monocytes, 
respectively. 

As described in Example 6, TR2 mRNA was detected in numerous tissues 
including lung, spleen and thymus and may be ubiquitously expressed in human 
cells. TR2 RNA was also found to be expressed in B lymphocytes (CD19 + ), both 
CD4 + (T H1 and T H2 clones) and CD8 + T lymphocytes, monocytes and endothelial 
cells. 

As also noted in Example 6, the production of TR2 mRNA was inducible 
in MG 63 cells by TNFoc. Further, the accumulation of TR2 mRNA was observed 
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in HL60, U937 and THP1 cells upon PMA or DMSO treatment. PMA and 
DMSO are agents known to induce differentiation of these three cell types. 

The determined nucleotide sequence of the TR2 cDNA of FIG. 1 A- IB 
(SEQ Dp NO:l) contains an open reading- frame encoding a protein of about 283 
amino acid residues, with a predicted leader sequence of about 36 amino acid 
residues, and a deduced molecular weight of about 30,417 kDa. The amino acid 
sequence of the predicted mature TR2 receptor is shown in FIG. 1A-1B from 
amino acid residue about 37 to residue about 283 (amino acid residues 1 to 247 
in SEQ ID NO:2). As noted in Example 6, the location of the leader sequence 
cleavage site was confirmed for a TR2-Fc fusion protein and found to be between 
amino acids 36 and 37 shown in FIG. 1 A- IB (amino acid residues -1 to 1 in SEQ 
ID NO:2). The TR2 protein shown in FIG. 1 A-1B (SEQ ID NO:2) is about 29% 
identical and about 47% similar to the murine CD40 protein shown in SEQ ID 
NO: 3 (see FIG. 2). 

Similarly, the determined\cDNA nucleotide sequences of the TR2-SV1 
splice variant of TR2 (FIG. 4A-4B. (SEQ ID NO:4)) contains an open reading 
frame encoding a protein of about\l85 amino acid residues, with a predicted 
leader sequence of about 36 amino acAresidues, and a deduced molecular weight 
of about 19.5 kDa. The amino acid sebuence of the predicted mature TR2-SV1 
receptor is shown in FIG. 4A-4B (SEQ ID NO:5) from amino acid residue about 
37 to residue about 185 (amino acid residues 1 to 149 in (SEQ ID NO:5). The 
TR2-SV1 protein shown in FIG. 4A-4B flSEQ ID NO:5) is about 25% identical 
and about 48% similar to the human type 2\TNF receptor protein shown in SEQ 
ID NO:6 (see FIG. 5). 

The determined cDNA nucleotide sequences of the TR2-SV2 splice 
variant of TR2 (FIG. 7A-7B (SEQ AlNO:7)) contains an open reading frame 
encoding a protein of about 136 amin^eid residues, without a predicted leader 
sequence, and a deduced molecular weight of about 14 kDa. The amino acid 
sequence of the predicted TR2-SV2 recebtor is shown in FIG. 7A-7B (SEQ ID 
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NO:8) from amino acid residue at)but 1 to residue about 136. The TR2-SV2 
protein shown in FIG. 7A-7B (SEqtfD NO: 8) is about 27% identical and about 
45% similar to the human type 2 TNH receptor protein shown in SEQ ID NO: 9 
(see FIG. 8). _ 

A comparison of both \jie nucleotide and amino acid sequences of the 
TR2, TR2-SV1 and TR2-SV2 recteptor proteins shown in FIG. 1 A- IB, FIG. 4A- 
4B and FIG. 7A-7B shows several ne^ns of near identity. While the amino acid 
sequence of the TR2 receptor prot&^L-shown in FIG. 1 A-IB (SEQ ID NO: 2), is 
about 60% identical and about 73%\similar to the amino acid sequence of the 
TR2-SV1 receptor protein, shown \n FIG. 4A-4B (SEQ ID NO:5), in 
approximately the first one hundred amiri<S acids of their respective sequences the 
two proteins differ in one location (FIG. 10). 

Similarly, the amino acid sequence of the TR2 receptor protein of FIG. 
1 A-IB (SEQ ED NO: 2) is about 60% idptical and about 71% similar to the amino 
acid sequence of the TR2-SV2 recept&Wotein, shown in FIG. 7A-7B (SEQ ID 
NO: 8); however, the two proteins areWiost identical over a 60 amino acid 
stretch in the central portion of the TR2-&V2 protein (FIG. 1 1). 

In contrast, the TR2-SV1 and TR2-SV2 proteins are only about 20% 
identical and about 38% similar at the amino acid level to each other. Unlike the 
comparisons of either of these proteins to the TR2 protein shown in FIG. 1 A- IB 
(SEQ ID NO:2), these proteins share their homology over the entire 136 amino 
acid sequence of the TR2-SV2 protein (FIG. 12). 

With respect to their nucleotide sequences of the cDNAs encoding the 
disclosed TR2 proteins, a comparison of these sequences indicates that the TR2 
cDNAs share large regions of near flderrtity at the nucleic acid level (FIG. 13 A- 
13C, FIG. 14A-13C and FIG. 15 A- fife)-' The cDNA sequences encoding the 
TR2 and TR2-SV1 proteins, for example^ share large regions of near identity in 
their nucleotide sequences which encode Both the N termini of the respective 
proteins and their 5* and 3' noneoding regions (FIG. 13A-13C). Further, the 
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nucleotide sequences of the cDNAs encoding the TR2-SV1 and TR2-SV2 
proteins share considerable homology but this identity is limited to their 3' regions 
well beyond their respective coding sequences (FIG. 15A-15E). 

Such regions of near identity between two different cDNA sequences, 
when maintained over an extended stretch of sequence, indicates to one skilled in 
the art that the respective molecules were originally transcribed from the same 
genomic DNA sequence. One skilled in the art would further recognize that, since 
more than one codon can encode the same amino acid, identity between two 
proteins at the amino acid level does not necessarily mean that the DNA sequences 
encoding those proteins will share similar regions of identity. The above data 
indicates that the TR2 receptors of the present invention are transcribed from a 
single genomic DNA sequence and represent multiple splice variants of one initial 
RNA transcript. 

Related proteins which are produced from alternately spliced RNA, 
referred to as splice variants, are known in the art. The transcript of the src gene, 
for example, undergoes alternate RNA splicing to produce cell type specific 
products. In most cells the Src protein consists of 533 amino acids while in nerve 
cells an additional short exon is included in the mRNA resulting in a protein of 539 
amino acids. See Alberts, B. et aL, MOLECULAR BIOLOGY of the Cell (3rd 
Edition, Garland Publishing, Inc., 1994), 455. Similarly, sex specific mRNA 
transcripts have been identified in Drosophila where alternate mRNA splicing 
results in a protein named Dsx which is approximately 550 amino acids in length 
in males and 430 amino acids in length in females. These two splice variant 
proteins share a common core sequence of about 400 amino acids. See id. at 457. 

In the present instance, the TRJ2 receptor protein shown in FIG. 1A-1B 
(SEQ ID NO:2) is believed to be the full-lWth polypeptide encoded by the RNA 
"rom which the TR2 receptor proteins 4oUranslated. The RNA encoding the 
TR2-SV1 splice variant shown in FIG. 4A4B (SEQ ID NO:5) is believed to 
contain an insertion in the region encoding atano acid residue 102 of the amino 
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acid sequence shown in FIG. 1 A-flB and a deletion in the region encoding amino 
acid residue 184 of the amino acidVsequence shown in FIG. 1 A- IB. The RNA 
encoding the TR2-SV2 splice vari £At s hown in FIG. 7A-7B is believed to begin 
with the nucleotide sequence encoding amino acid residue 102 of the amino acid 
sequence shown in FIG. 1 A- IB and Contain insertions in the regions encoding 
amino acid residues 184 and 243 of the\amino acid sequence shown in FIG. 1 A- 
1B. * 

As indicated, the present invention also provides the mature forms of the 
TR2 receptors of the present invention. According to the signal hypothesis, 
proteins secreted by mammaflan cells have a signal or secretory leader sequence 
which is cleaved from the maturte protein once export of the growing protein chain 
across the rough endoplasmic reticulum has been initiated. Most mammalian cells 
and even insect cells cleave secreted proteins with the same specificity. However, 
in some cases, cleavage of a secretedWotein is not entirely uniform, which results 
in two or more mature species on tmprotein. Further, it has long been known 
that the cleavage specificity of a secreted protein is ultimately determined by the 
primary structure of the complete proteiV that is, it is inherent in the amino acid 
sequence of the polypeptide. Therefore, thk present invention provides nucleotide 
sequences encoding mature TR2 polypeptides having the amino acid sequences 
encoded by the eDNA clones contained in the host identified as ATCC Deposit 
Numbers 97059 and 97058 and as shown inVlG. 1A-1B (SEQ ED NO;2) and 
FIG. 4A-4B (SEQ ID NO: 5). By the mature tA polypeptides having the amino 
acid sequences encoded by the cDNA clones contained in the host identified as 
ATCC Deposit Numbers 97059 and 97058 is meknt the mature form(s) of the 
TR2 receptors produced by expression in a mammalian cell (e.g., COS cells, as 
described below) of the complete open reading frame encoded by the human DNA 
sequence of the clone contained in the vector in the deposited host. 

The invention also provides Ajcleic acid sequences encoding the TR2-SV2 
receptor protein of FIG. 7A-7B (SE»-ff) NO:8), having the amino acid sequence 
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encoded by the cDNA clone contained in ATCC Deposit Number 97057, which 
does not contain a secretory leaderfeequence. 

Methods for predicting whether a protein has a secretory leader as well as 
the cleavage point for that leader sequence are available. For instance, the 
methods of McGeoch (Virus Res. 3:271-286 (1985)) and von Heinje (Nucleic 
Acids Res. 74:4683-4690 (1986)) can be used. The accuracy of predicting the 
cleavage points of known mammalian secretory proteins for each of these methods 
is in the range of 75-80%. von Heinje, supra. However, the two methods do not 
always produce the same predicted cleavage point(s) for a given protein. 

In the present cas^ the predicted amino acid sequences of the complete 
TR2 polypeptides shown in VlG. 1A-1B (SEQ ID NO:2), FIG. 4A-4B (SEQ ID 
NO:5) and FIG. 7A-7B (SEQ ID NO:8) were analyzed by a computer program 
("PSORT") (K. Nakai and M. Kanehisa, Genomics 74:897-91 1 (1992)), which is 
an expert system for predicting the cellular location of a protein based on the 
amino acid sequence. As part of tWcomputational prediction of localization, the 
methods of McGeoch and vorfjkeinje are incorporated. The analysis by the 
PSORT program predicted the cleavage sites between amino acids -1 and 1 in 
SEQ ID NO:2 and SEQ ID NO:5. TMereafter, the complete amino acid sequences 
were further analyzed by visual inspection, applying a simple form of the (-1,-3) 
rule of von Heine, von Heinje, supra\jhus, the leader sequences for the TR2 
protein shown in SEQ ID NO:2 and the TR2-SV1 protein are predicted to consist 
of amino acid residues -36 to -1 in both SBQ ID NO:2 and SEQ ID NO:5, while 
the predicted mature TR2 proteins consist oAamino acid residues 1 to 247 for the 
TR2 protein shown in SEQ ID NO:2 and residues 1 to 149 for the TR2-SV1 
protein shown in SEQ ID NO: 5. * 

As noted in Example 6, the cleavage site of the leader sequence of a TR2- 
Fc fusion protein was confirmed using amino acid analysis of the expressed fusion 
protein. This fusion protein was found to begin at amino acid 37, which 
corresponds to amino acid 1 in SEQ ID NO:2 and SEQ ID NO:5, indicating that 
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the cleavage site of the leader sequence is between amino acids 36 and 37 in this 
protein (corresponding to amino acid residues -1 to 1 in SEQ ID NO:2 and SEQ 
ID NO:5). 

As one of ordinary skill would appreciate, however, due to the possibilities 
of sequencing errors, as well as the variability of cleavage sites for leaders in 
different known proteins, the TR2 receptor polypeptide encoded by the cDNA of 
ATCC Deposit Number 97059 comprises about 283 amino acids, but may be 
anywhere in the range of 250 to 3 16 amino acids; and the leader sequence of this 
protein is.about 36 amino acids, but may be anywhere in the range of about 30 to 
about 42 amino acids. Similarly, the TR2-SV1 receptor polypeptide encoded by 
the cDNA of ATCC Deposit Number 97058 comprises about 185 amino acids, 
but may be anywhere in the range of 163-207 amino acids; and the leader 
sequence of this protein is about 36 amino acids, but may be anywhere in the 
range of about 30 to about 42 amino acids. Further, the TR2-SV2 receptor 
polypeptide encoded by the cDNA of ATCC Deposit Number 97057 comprises 
about 136 amino acids, but may be anywhere in the range of 120-152 amino acids Y 

As indicated, nucleic acid molecules of the present invention may be in the 
form of RNA, such as mRNA, or in the form of DNA, including, for instance, 
cDNA and genomic DNA obtained by cloning or produced synthetically. The 
DNA may be double-stranded or single-stranded. Single-stranded DNA or RNA 
may be the coding strand, also known as the sense strand, or it may be the 
non-coding strand, also referred to as the anti-sense strand. 

By "isolated" nucleic acid molecule(s) is intended a nucleic acid molecule, 
DNA or RNA, which has been removed from its native environment For example, 
recombinant DNA molecules contained in a vector are considered isolated for the 
purposes of the present invention. Further examples of isolated DNA molecules 
include recombinant DNA molecules maintained in heterologous host cells or 
purified (partially or substantially) DNA molecules in solution. Isolated RNA 
molecules include in vivo or in vitro RNA transcripts of the DNA molecules of the 
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present invention. Isolated nucleic acid molecules according to the present 
invention further include such molecules produced synthetically. 

Isolated nucleic acid molecules of the present invention include DNA 
molecules comprising an open reading frame (ORF) shown in FIG. 1 A- IB (SEQ 
ID NO: 1); DNA molecules comprising the coding sequence for the mature TR2 
receptor shown in FIG. 1 A-1B (SEQ ID NO:2) (last 247 amino acids); and DNA 
molecules which comprise a sequence substantially different from those described 
above but which, due to the degeneracy of the genetic code, still encode the TR2 
receptor protein shown in FIG. 1A-1B (SEQ ID NO:2). Of course, the genetic 
code is well known in the art. Thus, it would be routine for one skilled in the art 
to generate such degenerate variants. 

Similarly, isolated ntaleic acid molecules of the present invention include 
DNA molecules comprising X open reading frame (ORF) shown in FIG. 4A-4B 
(SEQ ID NO:4); DNA molecutes comprising the coding sequence for the mature 
-SV1 receptor shown in FIS4A-4B (SEQ ID NO: 5) (last 149 amino acids); 
and DNA molecules which comprisV a sequence substantially different from those . 
described above but which, due to trie degeneracy of the genetic code, still encode 
the TR2-SV1 receptor. 

Further, isolated nucleic aVid molecules of the present invention include 
DNA molecules comprising an operXpading frame (ORF) shown in FIG. 7A-7B 
(SEQ ID NO:7) and DNA molecufeLwhich comprise a sequence substantially 
different from those described above Wit which, due to the degeneracy of the 
genetic code, still encode the TR2-SV2\eceptor. 

In another aspect, the invention provides isolated nucleic acid molecules 
encoding the TR2, TR2-SV1 and tWsV2 polypeptides having the amino acid 
sequences encoded by the cDNA dotes contained in the plasmid deposited as 
ATCC Deposit No. 97059, 97058 and 97TB7, respectively, on February 13, 1995. 
In a further embodiment, these nucleic \cid molecules will encode a mature 
polypeptide or the full-length polypeptide lacking the N-terminal methionine. The 
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invention further provides isolate nucleic acid molecules having the nucleotide 
sequences shown in FIG. 1A-1B (SEQ ID NO l), FIG. 4A-4B (SEQ ID NO:4), 
and FIG. 7A-7B (SEQ ID NO:7ttthe nucleotide sequences of the cDNAs 
contained in the above-described deposited clones; or nucleic acid molecules 
having a sequence complementary to (*ie of the above sequences. Such isolated 
molecules, particularly DNA molecules, aYe useful as probes for gene mapping, by 
in situ hybridization with chromosomes, and for detecting expression of the TR2 
receptor genes of the present invention in hYiman tissue, for instance, by Northern 
blot analysis. 

The present invention is further directed to fragments of the isolated 
nucleic acid molecules described herein. By a fragment of an isolated nucleic acid 
molecule having the nucleotide sequence of the deposited cDNAs or the 
nucleotide sequence shown in FI<\ 1A-1B (SEQ ID NO:l), FIG. 4A-4B (SEQ ID 
NO:4), or FIG. 7A-7B (SEQ ID Nffl:7) is intended fragments at least about 15 nt, 
and more preferably at least about 20V? still more preferably at least about 30 nt, 
d even more preferably, at leasMbeut 40 nt in length which are useful as 
lagnostic probes and primers as discussed herein. Of course, larger fragments 
0-400 nt in length are also useful according to the present invention as are 
fragments corresponding to most, if notW of the nucleotide sequences of the 
deposited cDNAs or as shown in FIG. 1 A- IB (SEQ ID NO: 1), FIG. 4A-4B (SEQ 
ID NO:4), or FIG. 7A-7B (SEQ ID NO:7). fiv a fragment at least 20 nt in length, 
for example, is intended fragments which inVlude 20 or more contiguous bases 
from the nucleotide sequences of the deposited cDNAs or the nucleotide 
sequences as shown in FIG. 1A-1B (SEQ IB NO:l), FIG. 4A-4B (SEQ ID 
NO:4), or FIG. 7A-7B (SEQ ID NO:7). \ 

Preferred nucleic acid fragments of the present invention include nucleic 
acid molecules encoding: a polypeptide comprising the TR2 receptor protein of 
FIG. 1 A-IB (SEQ ID NO:2) extracellular domain (predicted to constitute amino 
acid residues from about 37 to about 200 in FIG. 1 A- IB (amino acid residues 1 
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to 164 in SEQ ED NO:2)); a polypeptide comprising the TR2 receptor 
transmembrane domain (amino acid residues 201 to 225 in FIG. 1 A- IB (amino 
acid residues 165 to 189 in SEQ ID NO:2)); a polypeptide comprising the TR2 
-receptor intracellular domain (predicted to constitute amino acid residues from 
about 226 to about 283 in FIG. 1 A-1B (amino acid residues 190 to 247 in SEQ 
ID NO:2)); and a polypeptide comprising the TR2 receptor protein of FIG. 1 A- IB 
(SEQ ID NO: 2) extracellular and intracellular domains with all or part of the 
transmembrane domain deleted. 

Preferred nucleic acid fragments of the present invention also include 
nucleic acid molecules encoding polypeptides comprising the mature TR2-SV1 
receptor (predicted to constitute airAb acid residues from about 37 to about 185 
in FIG. 4A-4B (amino acid residues lfc 149 in SEQ ID NO: 5)) and the complete 
TR2-SV2 receptor (predicted to constitute amino acid residues from about 1 to 
about 136 in FIG. 7A-7B (SEQ ID NQ8)). 

As above with the leader sequence, the amino acid residues constituting 
the extracellular, transmembrane and intracellular domains have been predicted by 
computer analysis. Thus, as one of ordinary skill would appreciate, the amino acid 
residues constituting these domains may vary slightly (e.g., by about 1 to about 1 5 
amino acid residues) depending on the criteria used to define each domain. 

Preferred nucleic acid fragments of the present invention also include 
nucleic acid molecules encodin&epitope-bearing portions of the TR2 receptor 
proteins. In particular, such nucleic acid fragments of the present invention 
include nucleic acid molecules encddipg: a polypeptide comprising amino acid 
residues from about 39 to about 70 ^FIG. 1 A-1B (amino acid residues 3 to 34 
in SEQ ID NO:2); a polypeptide compri^ng amino acid residues from about 106 
to about 120 in FIG. 1 (amino acid re^dues 70 to 84 in SEQ ID NO:2); a 
polypeptide comprising amino acid residues fkom about 142 to about 189 in FIG. 
1A-1B (amino acid residues 106 to 153 i\ SEQ ID NO:2); a polypeptide 
comprising amino acid residues from about 2\6 to about 283 in FIG. 1A-1B 
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(amino acid residues 240 toW in SEQ ID NO:2); a polypeptide comprising 
amino acid residues from aboflrt 39 to about 70 in FIG. 4A-4B (amino acid 
residues 3 to 34 in SEQ ID NO:\); amino acid residues from about 99 to about 
136 in FIG. 4A-4B (amino acid residues 63 to 100 in SEQ ID~NO:5); amino acid 
residues from about 171 to about lA in FIG. 4A-4B (amino acid residues 135 to 
149 in SEQ ID NO:5); amino acid resMues from about 56 to about 68 in FIG. 7A- 
7B (SEQ ED NO:8); amino acid residues from about 93 to about 136 in FIG. 7A- 
7B (SEQ ID NO:8). The inventors ha\e determined that the above polypeptide 
fragments are antigenic regions of the TR2 receptors. Methods for determining 
other such epitope-bearing portions of tl\e TR2 proteins are described in detail 
below. 

In another aspect, the invention provides isolated nucleic acid molecules 
comprising polynucleotides which hybridizes under stringent hybridization 
conditions to a portion of the polynucleotide of one of the nucleic acid molecules 
of the invention described above, for instance, the cDNA clones contained in 
ATCC Deposits 97059, 97058 and 97057. By "stringent hybridization conditions" 
is intended ovei ™gf>t incubatioii at 42° C in a solution comprising: 50% 
formamide, 5x SSC-M^VWWg^ sodium 
^ phosphate (pH 7.6)^5x Denhardt's solution, 10% dextran sulfate, andJt^tetl" 1 / 
denatured, sheared salmon sperm DNA, followed by washing the filter^ in O.lx 
SSC at about 65 °C. 

By a polynucleotide which hybridizes to a "portion" of a polynucleotide 
is intended a polynucleotide (either DNA or RNA) hybridizing to at least about 
1 5 nucleotides (nt), and more preferably at least about 20 nt, still more preferably 
at least about 30 nt, and even more preferably about 30-70 nt of the reference 
polynucleotide. These are useful as diagnostic probes and primers as discussed 
above and in more detail below. 

By a portion of a polynucleotide df^'at least 20 nt in length, " for example, 
is intended 20 or more contiguous nucle&Lfes from the nucleotide sequence of the 
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reference polynucleotide (e A the deposited cDNAs or the nucleotide sequences 
as shown in FIG. 1 A-1B (SfeW> NO.l), FIG. 4A-4B (SEQ ID NO:4), or FIG. 
7A-7B (SEQ ID NO: 7)). | 

-Of course, a polynucleotide which hybridizes only to a poly A sequence 
(such as the 3' terminal poly(A) traW the TR2 receptor cDNA sequences shown 
in FIG. 1A-1B (SEQ ID NO:l), fWmA-4B (SEQ ID NO:4), or FIG. 7A-7B 
(SEQ ID NO:7)), or to a complemCLpy stretch of T (or U) resides, would not 
be included in a polynucleotide of the Lention used to hybridize to a portion of 
a nucleic acid of the invention, since suchV polynucleotide would hybridize to any 
nucleic acid molecule containing a poIyU) stretch or the complement thereof 
(e.g., practically any double-stranded cDMA clone). 

As indicated, nucleic acid molecules of the present invention which encode 
TR2 polypeptides may include, but are not limited to those encoding the amino 
acid sequences of the mature polypeptides, by itself; the coding sequence for the 
mature polypeptides and additional sequences, such as those encoding the about 
36 amino acid leader or secretory sequences, such as pre-, or pro- or prepro- 
protein sequences; the coding sequence of the mature polypeptides, with or 
without the aforementioned additional coding sequences, together with additional, 
non-coding sequences, including for example, but not limited to introns and 
non-coding 5 ' and 3 ' sequences, such as the transcribed, non-translated sequences 
that play a role in transcription, mRNA processing, including splicing and 
polyadenylation signals, for example - ribosome binding and stability of mRNA; 
an additional coding sequence which codes for additional amino acids, such as 
those which provide additional functionalities. Thus, the sequence encoding the 
polypeptides may be fused to a marker sequence, such as a sequence encoding a 
peptide which facilitates purification of the fused polypeptide. In certain preferred 
embodiments of this aspect of the invention, the marker amino acid sequence is a 
hexa-histidine peptide, such as the tag provided in a pQE vector (Qiagen, Inc.), 
among others, many of which are commercially available. As described in Gentz 
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etai, Proc. Natl. Acad. Sci. USA 56:821-824 (1989), for instance, hexa-histidine 
provides for convenient purification of the fusion protein. The "HA" tag is 
another peptide useful for purification which corresponds to an epitope derived 
from the influenza hemagglutinin protein, which has been described by Wilson et 
al., Cell 37: 767 (1984). As discussed below, other such fusion proteins include 
the TR2 receptors fused to IgG-Fc at the N- or C-terminus. 

The present invention further relates to variants of the nucleic acid 
molecules of the present invention, which encode portions, analogs or derivatives 
of the TR2 receptors. Variants may occur naturally, such as a natural allelic 
variant. By an "allelic variant" is intended one of several alternate forms of a gene 
occupying a given locus on a chromosome of an organism. Genes II, Lewin, B., 
ed., John Wiley & Sons, New York (1985). Non-naturally occurring variants may 
be produced using art-known mutagenesis techniques. 

Such variants include those produced by nucleotide substitutions, deletions 
or additions, which may involve one or more nucleotides. The variants may be 
altered in coding regions, non-coding regions, or both. Alterations in the coding 
regions may produce conservative or non-conservative amino acid substitutions, 
deletions or additions. Especially preferred among these are silent substitutions, 
additions and deletions, which do not alter the properties and activities of the TR2 
receptors or portions thereof. Also especially preferred in this regard are 
conservative substitutions. 

Further embodiments ofVhe invention include isolated nucleic acid 
molecules comprising a polynucleotide having a nucleotide sequence at least 90% 
identical, and more preferably at least Wb, 96%, 97%, 98% or 99% identical to 
(a) a nucleotide sequence encoding t&TR2 polypeptide having the complete 
amino acid sequence shown in FIG. lA-ta (amino acid residues -36 to 247 in 
SEQ ID NO:2), FIG. 4A-4B (amino acid reVdues -36 to 149 in SEQ ID NO:5), 
or FIG. 7A-7B (amino acid residues 1 to neV SEQ ID NO:8); (b) a nucleotide 
encoding the complete amino sequence shown inVlG. 1A-1B (amino acid residues 
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-35 to 247 in SEQ ID NO:2)VfIG. 4A-4B (amino acid residues -35 to 149 in SEQ 
ID NO:5), or FIG. 7A-7B (aVtiino acid residues 2 to 136 in SEQ ID NO:8) but 
lacking the N-terminal methionine; (c) a nucleotide sequence encoding the mature 
TR2 receptors (full-length poWeptide with any attending leader sequence 
removed) having the amino acid sdbuence at positions from about 37 to about 283 
in FIG. 1 A-1B (amino acid residues^ to 247 in SEQ ID NO:2) or the amino acid 
sequence at positions from about fe7 to about 185 in FIG. 4A-4B (amino acid 
residues 1 to 149 in SEQ ID NO:5), i^he amino acid sequence at positions from 
about 1 to about 136 in FIG. 7A-7&iiEQ ID NO:8); (d) a nucleotide sequence 
encoding the TR2, TR2-SV1 or TlA>-SV2 polypeptides having the complete 
amino acid sequence including the leadi- encoded by the cDNA clones contained 
in ATCC Deposit Numbers 97059, $7058, and 97057, respectively; (e) a 
nucleotide sequence encoding the matura TR2 or TR2-SV1 receptors having the 
amino acid sequences encoded by the cDNA clones contained in ATCC Deposit 
Numbers 97059 and 97058, respectively; If) a nucleotide sequence encoding the 
TR2 or TR2-SV1 receptor extracellularldomain; (g) a nucleotide sequence 
encoding the TR2 receptor transmembrane domain ; (h) a nucleotide sequence 
encoding the TR2 receptor intracellular Lmain; (i) a nucleotide sequence 
encoding the TR2 receptor extracellular and intracellular domains with all or part 
of the transmembrane domain deleted; \ and (j) a nucleotide sequence 
complementary to any of the nucleotide sequences in (a), (b), (c), (d), (e), (f), (g), 
(h),or(i). 

By a polynucleotide having a nucleotide sequence at least, for example, 
95% "identical" to a reference nucleotide sequence encoding a TR2 polypeptide 
is intended that the nucleotide sequence of the polynucleotide is identical to the 
reference sequence except that the polynucleotide sequence may include up to five 
point mutations per each 100 nucleotides of the reference nucleotide sequence 
encoding the TR2 receptors. In other words, to obtain a polynucleotide having 
a nucleotide sequence at least 95% identical to a reference nucleotide sequence, 
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up to 5% of the nucleotides in the reference sequence may be deleted or 
substituted with another nucleotide, or a number of nucleotides up to 5% of the 
total nucleotides in the reference sequence may be inserted into the reference 
sequence. These mutations of the reference sequence may occur at the 5 ' or 3 ' 
terminal positions of the reference nucleotide sequence or anywhere between 
those terminal positions, interspersed either individually among nucleotides in the 
reference sequence or in one or more contiguous groups within the reference 
sequence. 

As a practical matter, whether any particular nucleic acid molecule is at 
least 90%, 95%, 96%, 97%, 98% or 99% identical to, for instance, the nucleotide 
sequence shown in FIG. 1 A-1B (SEQ ID NO:l) or to the nucleotides sequence 
of the deposited cDNA clone encoding that protein can be determined 
conventionally using known computer programs such as the Bestfit program 
(Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer 
Group, University Research Park, 575 Science Drive, Madison, WI 53711. 
Bestfit uses the local homology algorithm of Smith and Waterman, Advances in 
Applied Mathematics 2: 482-489 (1981), to find the best segment of homology 
between two sequences. When using Bestfit or any other sequence alignment 
program to determine whether a particular sequence is, for instance, 95% identical 
to a reference sequence according to the present invention, the parameters are set, 
of course, such that the percentage of identity is calculated over the full length of 
the reference nucleotide sequence and that gaps in homology of up to 5% of the 
total number of nucleotides in the reference sequence are allowed. 

The present application is directed to nucleic acid molecules at least 90%, 
95%, 96%, 97%, 98% or 99% identicalWthe nucleic acid sequences shown in 
FIG. 1A-1B (SEQ ID NO:l), FIG. 4A-4^SEQ ID NO:4), or FIG. 7A-7B (SEQ 
ID NO;7) or to the nucleic acid sequence ofttTe deposited cDNAs, irrespective of 
whether they encode a polypeptide having Tib receptor activity. This is because 
even where a particular nucleic acid molecAle does not encode a polypeptide 
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having TR2 receptor activity, <W of skill in the art would still know how to use 
the nucleic acid molecule, for instance, as a hybridization probe or a polymerase 
chain reaction (PCR) primer. Usdb of the nucleic acid molecules of the present 
.invention that do not encode a polypWide having TR2 receptor activity include, 
inter alia, (1) isolating a TR2 recept&Wne or allelic or splice variants thereof in 
a cDNA library; (2) in situ hybridization (e.g., "FISH") to metaphase 
chromosomal spreads to provide precise chromosomal location of a TR2 receptor 
gene, as described in Verma et ai t Humcha Chromosomes: A Manual of Basic 
Techniques, Pergamon Press, New York (19B8); and (3) Northern Blot analysis 
for detecting TR2 receptor mRNA expression^ specific tissues. 

Preferred, however, <fcre nucleic acid molecules having sequences at least 
90%, 95%, 96%, 97%, 98% orW/o identical to the nucleic acid sequence shown 
in FIG. 1 A- IB (SEQ ID NO:lV FIG. 4A-4B (SEQ ID NO:4), or FIG. 7A-7B 
(SEQ ID NO:7) or to the nucleifc acid sequence of the deposited cDNAs which 
do, in fact, encode a polypeptide hAopg TR2 receptor activity. By "a polypeptide 
having TR2 receptor activity" is ir^id^d polypeptides exhibiting activity similar, 
but not necessarily identical, to an Activity of the TR2 receptors of the present 
invention (either the full-length protW the splice variants, or, preferably, the 
mature protein), as measured in a particular biological assay. For example, TR2 
receptor activity can be measured by determining the ability of a polypeptide-Fc 
fusion protein to inhibit lymphocyte proliferation as described below in Example 
6. TR2 receptor activity may also be measured by determining the ability of a 
polypeptide, such as cognate ligand which i&free or expressed on a cell surface, 
to confer proliferatory activity in intact cells ^pressing the receptor. 

Of course, due to the degeneracy of the genetic code, one of ordinary skill 
in the art will immediately recoWze that a large number of the nucleic acid 
molecules having a sequence 90%, 95%, 96%, 97%, 98%, or 99% 

identical to the nucleic acid sequence\of the deposited cDNAs or the nucleic acid 
sequences shown in FIG. 1A-1B (SE© ID NO:l), FIG. 4A-4B (SEQ ID NO:4), 
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or FIG. 7A-7B (SEQ ID NoV) will encode polypeptides "having TR2 receptor 
activity." In fact, since degenerate variants of any of these nucleotide sequences 
all encode the same polypeptidV^iis will be clear to the skilled artisan even 
without performing the above ( [ascr ibed comparison assay. It will be further 
recognized in the art that, for such rXcleic acid molecules that are not degenerate 
variants, a reasonable number will alsV encode a polypeptide having TR2 protein 
activity. This is because the skilled artisan is fully aware of amino acid 
substitutions that are either less likely \r not likely to significantly effect protein 
function (e.g., replacing one aliphatic a^iino acid with a second aliphatic amino 
acid). 

For example, guidance concerning how to make phenotypically silent 
amino acid substitutions is provided in Bowie, J. U. et al, "Deciphering the 
Message in Protein Sequences: Tolerance to Amino Acid Substitutions," Science 
247: 1306-13 10 (1990), wherein the authors indicate that proteins are surprisingly 
tolerant of amino acid substitutions. 

Vectors and Host Cells 

The present invention also relates to vectors which include the isolated 
DNA molecules of the present invention, host cells which are genetically 
engineered with the recombinant vectors, and the production of TR2 polypeptides 
or fragments thereof by recombinant techniques. 

The polynucleotides may be joined to a vector containing a selectable 
marker for propagation in a host. Generally, a plasmid vector is introduced in a 
precipitate, such as a calcium phosphate precipitate, or in a complex with a 
charged lipid. If the vector is a virus, it may be packaged in vitro using an 
appropriate packaging cell line and then transduced into host cells. 

The DNA insert should be operatively linked to an appropriate promoter, 
such as the phage lambda PL promoter, the£ coli lac, trp and tac promoters, the 
SV40 early and late promoters and promoters of retroviral LTRs, to name a few. 
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Other suitable promoters will be known to the skilled artisan. The expression 
constructs will further contain sites for transcription initiation, termination and, in 
the transcribed region, a ribosome binding site for translation. The coding portion 
of the mature transcripts expressed by the constructs will preferably include a " 
translation initiating at the beginning and a termination codon (UAA, UGA or 
UAG) appropriately positioned at the end of the polypeptide to be translated. 

As indicated, the expression vectors will preferably include at least one 
selectable marker. Such markers include dihydrofolate reductase or neomycin 
resistance for eukaryotic cell culture and tetracycline or ampicillin resistance genes 
for culturing in E. coli and other bacteria. Representative examples of appropriate 
heterologous hosts include, but are not limited to, bacterial cells, such as E. coli, 
Streptomyces and Salmonella typhimurium cells; fungal cells, such as yeast cells; 
insect cells such as Drosophila S2 and Spodoptera Sf9 cells; animal cells such as 
CHO, COS and Bowes melanoma cells; and plant cells. Appropriate culture 
mediums and conditions for the above-described host cells are known in the art. 

Among vectors preferred for use in bacteria include pQE70, pQE60 and 
pQE-9, available from Qiagen; pBS vectors, Phagescript vectors, Bluescript 
vectors, pNH8A, pNH16a, pNH18A, pNH46A, available from Stratagene; and 
ptrc99a, pKK223-3, pKK233-3, pDR540, pRIT5 available from Pharmacia. 
Among preferred eukaryotic vectors are pWLNEO, pSV2CAT, pOG44, pXTl 
and pSG available from Stratagene; and pSVK3, pBPV, pMSG and pSVL 
available from Pharmacia. Other suitable vectors will be readily apparent to the 
skilled artisan. 

Introduction of the construct into the host cell can be effected by calcium 
phosphate transfection, DEAE-dextran mediated transfection, cationic 
lipid-mediated transfection, electroporation, transduction, infection or other 
methods. Such methods are described in many standard laboratory manuals, such 
as Davis et aL, Basic Methods In Molecular Biology (1986). 
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The polypeptide may be expressed in a modified form, such as a fusion 
protein, and may include not only secretion signals, but also additional 
heterologous functional regions. For instance, a region of additional amino acids, 
particularly charged amino acids, may be added to the "N-termirius of the 
polypeptide to improve stability and persistence in the host cell, during 
purification, or during subsequent handling and storage. Also, peptide moieties 
may be added to the polypeptide to facilitate purification. Such regions may be 
removed prior to final preparation of the polypeptide. The addition of peptide 
moieties to polypeptides to engender secretion or excretion, to improve stability 
and to facilitate purification, among others, are familiar and routine techniques in 
the art. A preferred fusion protein comprises a heterologous region from 
immunoglobulin that is useful to solubilize proteins. For example, EP-A-O 464 
533 (Canadian counterpart 2045869) discloses fusion proteins comprising various 
portions of constant region of immunoglobin molecules together with another 
human protein or part thereof In many cases, the Fc part in a fusion protein is 
thoroughly advantageous for use in therapy and diagnosis and thus results, for 
example, in improved pharmacokinetic properties (EP-A 0232 262). On the other 
hand, for some uses it would be desirable to be able to delete the Fc part after the 
fusion protein has been expressed, detected and purified in the advantageous 
manner described. This is the case when Fc portion proves to be a hindrance to 
use in therapy and diagnosis, for example when the fusion protein is to be used as 
antigen for immunizations. In drug discovery, for example, human proteins, such 
as, human hIL-5 receptor has been fused with Fc portions for the purpose of 
high-throughput screening assays to identify antagonists of hIL-5. See, D. 
Bennett etal, Journal of Molecular Recognition, Vol. 8:52-58 (1995) and K. 
Johanson et aL, The Journal of Biological Chemistry, Vol. 270, No. 
16:9459-9471 (1995). 

TR2 receptors can be recovered and purified from recombinant cell 
cultures by well-known methods including ammonium sulfate or ethanol 
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precipitation, acid extraction, anion or cation exchange chromatography, 
phosphocellulose chromatography, hydrophobic interaction chromatography, 
affinity chromatography, hydroxylapatite chromatography and lectin 
chromatography: -Most preferably, high performance liquid chromatography 
("HPLC") is employed for purification. Polypeptides of the present invention 
include naturally purified products, products of chemical synthetic procedures, and 
products produced by recombinant techniques from a prokaryotic or eukaryotic 
host, including, for example, bacterial, yeast, higher plant, insect and mammalian 
cells. Depending upon the host employed in a recombinant production procedure, 
the polypeptides of the present invention may be glycosylated or may be 
non-glycosylated. In addition, polypeptides of the invention may also include an 
initial modified methionine residue, in some cases as a result of host-mediated 
processes. 

TR2 Polypeptides and Fragments 

The invention further provides isolated TR2 polypeptides having the amino 
acid sequence encoded by thq^eposited cDNAs, or the amino acid sequence in 
FIG. 1 A-1B (SEQ ED NO:2), FlS~4A-4B (SEQ ID NO:5), or FIG. 7A-7B (SEQ 
ID NO: 8), or a peptide or poWpeptide comprising a portion of the above 
polypeptides. ' 

The polypeptides of this invention may be membrane bound or may be in 
a soluble circulating form. Soluble peptides are defined by amino acid sequence 
wherein the sequence comprises the polypeptide sequence lacking the 
transmembrane domain. One example of such a soluble form of the TR2 receptor 
is the TR2-SV1 splice variant which has a secretory leader sequence but lacks 
both the intracellular and transmembrane domains. Thus, the TR2-SV1 receptor 
protein appears to be secreted in a soluble form from cells which express this 
protein. 
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The polypeptides of the present invention may exist as a membrane bound 
receptor having a transmembrane region and an intra- and extracellular region or 
they may exist in soluble form wherein the transmembrane domain is lacking. One 
example of such a form of the TR2 receptor is the TK2 receptor shown in FIG. 
1A-1B (SEQ ID NO:2) which contains, in addition to a leader sequence, 
transmembrane, intracellular and extracellular domains. Thus, this form of the 
TR2 receptor appears to be localized in the cytoplasmic membrane of cells which 
express this protein 

It will be recognized in the art that some amino acid sequences of the TR2 
receptors can be varied without significant effect to the structure or function of 
the protein. If such differences in sequence are contemplated, it should be 
remembered that there will be critical areas on the protein which determine 
activity. Thus, the invention further includes variations of the TR2 receptors 
which show substantial TR2 receptor activity or which include regions of TR2 
proteins such as the protein portions discussed below. Such mutants include 
deletions, insertions, inversions, repeats, and type substitutions. As indicated 
above, guidance concerning which amino acid changes are likely to 'be 
phenotypically silent can be found in Bowie, J. U., et aL, "Deciphering the 
Message in Protein Sequences: Tolerance to Amino Acid Substitutions," Science 
247/1306-1310 (1990). 

Thus, the fragment, derivative or analog of the polypeptides of FIG. 1 A- 
1B (SEQ ID NO:2), FIG. 4A-4B >SEQ ID NO:5), and FIG. 7A-7B (SEQ ID 
NO:8), or that encoded by the deposited cDNAs, may be (i) one in which one or 
more of the amino acid residues ai^( substituted with a conserved or non- 
conserved amino acid residue (preferaOTTa conserved amino acid residue) and 
such substituted amino acid residue may or nWy not be one encoded by the genetic 
code, or (ii) one in which one or more ofVie amino acid residues includes a 
substituent group, or (iii) one in which the mature polypeptide is fused with 
another compound, such as a compound to increase the half-life of the polypeptide 



-32- 



(for example, polyethylene glycol), or (iv) one in which the additional amino acids 
are fused to the mature polypeptide, such as an IgG Fc fusion region peptide or 
leader or secretory sequence oQ^equence which is employed for purification of 
the mature polypeptide or a proprdtain sequence. Such fragments, derivatives and 
analogs are deemed to be within \he scope of those skilled in the art from the 
teachings herein. ^ 

Of particular interest are substitutions of charged amino acids with another 
charged amino acid and with neutral or negatively charged amino acids. The latter 
results in proteins with reduced positive charge to improve the characteristics of 
the TR2 proteins. The prevention of aggregation is highly desirable. Aggregation 
of proteins not only results in a loss of activity but can also be problematic when 
preparing pharmaceutical formulations, because they can be immunogenic. 
(Pinckard etaL, Clin Exp. Immunol 2:331-340 (1967); Robbins et ai, Diabetes 
36:838-845 (1987); Cleland et al Crit Rev. Therapeutic Drug Carrier Systems 
70:307-377 (1993)). 

The replacement of amino acids can also change the selectivity of binding 
to cell surface receptors. Ostade et ai f Nature 3<5/:266-268 (1993) describes 
certain mutations resulting in selective binding of TNF-a to only one of the two 
known types of TNF receptors. Thus, the TR2 receptors of the present invention 
may include one or more amino acid substitutions, deletions or additions, either 
from natural mutations or human manipulation. 

As indicated, changes are preferably of a minor nature, such as 
conservative amino acid substitutions that do not significantly affect the folding 
or activity of the protein (see Table 1). 
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Table 1 

Conservative Amino Acid Substitutions. 



Aromatic 


Phenylalanine 


- 


Tryptophan 




Tyrosine 


Hydrophobic 


Leucine 




Isoleucine 




Valine 


Polar 


Glutamine 




Asparagine 


Basic 


Arginine 




Lysine 




Histidihe 


Acidic 


Aspartic Acid 




Glutamic Acid 


Small 


Alanine 




Serine 




Threonine 




Methionine 




Glycine 



Amino acids in the TR2 proteins of the present invention that are essential 
for function can be identified by methods known in the art, such as site-directed 
mutagenesis or alanine-scanning mutagenesis (Cunningham and Wells, Science 
244: 1081 -1085 (1989)). The latter procedure introduces single alanine mutations 
at every residue in the molecule. The resulting mutant molecules are then tested 
for biological activity such as receptor binding or in vitro, or in vitro proliferative 
activity. Sites that are critical for ligand-receptor binding can also be determined 
by structural analysis such as crystallization, nuclear magnetic resonance or 
photoaffinity labeling (Smith et al, J. Mol. Biol. 224:899-904 (1992) and de Vos 
etal. Science 255:306-312 (1992)). 

The polypeptides of the present invention are preferably provided in an 
isolated form. By "isolated polypeptide", is intended a polypeptide removed from 
its native environment. Thus, a polypeptide produced and contained within a 



-34- 



recombinant host cell would be considered "isolated" for purposes of the present 
invention. Also intended as an "isolated polypeptide" are polypeptides that have 
been purified, partially or substantially, from a recombinant host. For example, 
recombinantly produced versions of the TR2 receptors can be substantially 
purified by the one-step method described in Smith and Johnson, Gene 67:31-40 
(1988). 

The polypeptides ofc the present invention also include the polypeptide 
encoded by the deposited cDNAs including the leader; the polypeptide encoded 
by the deposited the cDNAsYninus the leader (i.e., the mature protein); the 
polypeptides of FIG. 1A-1B (SEQ ID NO:2) or FIG. 4A-4B (SEQ ID NO:5) 
including the leader; the polypeptides of FIG. 1A-1B (SEQ ID NO:2) or FIG. 4A- 
4B (SEQ ID NO:5) including the leakier but minus the N-terminal methionine; the 
polypeptides of FIG. 1A-1B (SEQTcT NO: 2) or FIG. 4A-4B (SEQ ID NO: 5) 
minus the leader; the polypeptide of FI®. 7A-7B (SEQ ID NO: 8); the extracellular 
domain, the transmembrane domain, Vnd the intracellular domain of the TR2 
receptor shown in FIG. 1A-1B (SEQ ID NO:2); and polypeptides which are at 
least 80% identical, more preferably at\east 90% or 95% identical, still more 
preferably at least 96%, 97%, 98% or 99% Identical to the polypeptides described 
above, and also include portions of such polypeptides with at least 3 0 amino acids 
and more preferably at least 50 amino acids) 

By a polypeptide'having an amino acid sequence at least, for example, 
95% "identical" to a reference amino acid sequence of a TR2 polypeptide is 
intended that the amino acid sequence of the polypeptide is identical to the 
reference sequence except that the polypeptide sequence may include up to five 
amino acid alterations per each 100 amino acids of the reference amino acid of a 
TR2 receptor. In other words, to obtain a polypeptide having an amino acid 
sequence at least 95% identical to a reference amino acid sequence, up to 5% of 
the amino acid residues in the reference sequence may be deleted or substituted 
with another amino acid, or a number of amino acids up to 5% of the total amino 
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acid residues in the reference sequence may be inserted into the reference 
sequence. These alterations of the reference sequence may occur at the amino or 
carboxy terminal positions of the reference amino acid sequence or anywhere 
between those terminal positions, interspersed either individually among residues 
in the reference sequence or in one or more contiguous groups within the 
reference sequence. 

As a practical matter, whether any particular polypeptide is at least 90%, 
95%, 96%, 97%, 98% or 99% identical to, for instance, the amino acid sequence 
shown in FIG. 1 A-1B (SEQ ID NO:2), FIG. 4A-4B (SEQ ED NO:5), or FIG. 7A- 
7B (SEQ ID NO:8) or to the amino acid sequence encoded by one of the 
deposited cDNA clones can be determined conventionally using known computer 
programs such the Bestfit progra\A_(Wisconsin Sequence Analysis Package, 
Version 8 for Unix, Genetics Computer Group, University Research Park, 575 
Science Drive, Madison, WI 5371 1). When using Bestfit or any other sequence 
alignment program to determine whethfer a particular sequence is, for instance, 
95% identical to a reference sequence According to the present invention, the 
parameters are set, of course, such that ke percentage of identity is calculated 
over the full length of the reference anlino acid sequence and that gaps in 
homology of up to 5% of the total number o\ amino acid residues in the reference 
sequence are allowed. 

The polypeptides of the present invention could be used as a molecular 
weight marker on SDS-PAGE gels or on molecular sieve gel filtration columns 
using methods well known to those of skill in the art. 

In another aspect, the invention provides peptides or polypeptides 
comprising epitope-bearing portions of the polypeptides of the invention. The 
epitopes of these polypeptide portions are an immunogenic or antigenic epitopes 
of the polypeptides described herein. An "immunogenic epitope" is defined as a 
part of a protein that elicits an antibody response when the whole protein is the 
immunogen. On the other hand, a region of a protein molecule to which an 
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antibody can bind is defined as an "antigenic epitope." The number of 
immunogenic epitopes of a protein generally is less than the number of antigenic 
epitopes. See, for instance, Geysen et al., Proc. Natl. Acad. Sci. USA £7:3998- 
4002 (1983). 

As to the selection of peptides or polypeptides bearing an antigenic epitope 
(i.e., that contain a region of a protein molecule to which an antibody can bind), 
it is well known in that art that relatively short synthetic peptides that mimic part 
of a protein sequence are routinely capable of eliciting an antiserum that reacts 
with the partially mimicked protein. See, for instance, Sutcliffe, J. G., Shinnick, 
T. M., Green, N. and Learner, R.A. (1983) Antibodies that react with 
predetermined sites on proteins. Science 2/9:660-666. Peptides capable of 
eliciting protein-reactive sera are frequently represented in the primary sequence 
of a protein, can be characterized by a set of simple chemical rules, and are 
confined neither to immunodominant regions of intact proteins (i.e., immunogenic 
epitopes) nor to the amino or carboxyl terminals. 

Antigenic epitope-bearing peptides and polypeptides of the invention are 
therefore useful to raise antibodies, including monoclonal antibodies, that bind 
specifically to a polypeptide of the invention. See, for instance, Wilson et al.. Cell 
57:767-778 (1984) at 777. Antigenic epitope-bearing peptides and polypeptides 
of the invention preferably contain a sequence of at least seven, more preferably 
at least nine and most preferably between at least about 15 to about 30 amino 
acids contained within the amino acid sequence of a polypeptide of the invention. 

Non-limiting examples ofWigenic polypeptides or peptides that can be 
used to generate TR2 receptor-Wcific antibodies include: a polypeptide 
comprising amino acid residues from ajxTut 39 to about 70 in FIG. 1 (amino acid 
residues 3 to 34 in SEQ ID NO:2); a peWeptide comprising amino acid residues 
from about 106 to about 120 in FIG. 1 A- IB (amino acid residues 70 to 84 in SEQ 
ID NO:2); a polypeptide comprising amino acid residues from about 142 to about 
189 in FIG. 1A-1B (amino acid residues\l06 to 153 in SEQ ID NO:2); a 
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polypeptide comprising amiiA acid residues from about 276 to about 283 in 
FIG. 1 (amino acid residues 240 to 247 in SEQ ID NO:2); a polypeptide 
comprising amino acid residues frofla about 39 to about 70 in FIG. 4A-4B (amino 
acid residues 3 to 34 in SEQ ID ND^); a polypeptide comprising amino acid 
residues from about 99 to about 13^U_FIG. 4A-4B (amino acid residues 63 to 
100 in SEQ ID NO;5); a polypeptide comprising amino acid residues from about 
171 to about 185 in FIG. 4A-4B (amirtp acid residues 135 to 149 in SEQ ID 
NO:5); a polypeptide comprising amino a&d residues from about 56 to about 68 
m FIG. 7A-7B (SEQ ID NO:8); and a polypeptide comprising amino acid residues 
from about 93 to about 136 in FIG. 7A-7B (SEQ ID NO:8). As indicated above, 
the inventors have determined that the above [Llypeptide fragments are antigenic 
regions of the TR2 receptor proteins. * 

The epitope-bearing peptides and polypeptides of the invention may be 
produced by any conventional means. Houghten, R. A. (1985) General method 
for the rapid solid-phase synthesis of large numbers of peptides: specificity of 
antigen-antibody interaction at the level of individual amino acids. Proc. Natl. 
Acad, ScL USA £2:5131-5135. This "Simultaneous Multiple Peptide Synthesis 
(SMPS) M process is further described in U.S. Patent No. 4,63 1,21 1 to Houghten 
etal (1986). 

As one of skill in the art will appreciate, TR2 polypeptides of the present 
invention and the epitope-bearing fragments thereof described above can be 
combined with parts of the constant domain of immunoglobulins (IgG), resulting 
in chimeric polypeptides. These fusion proteins facilitate purification and show 
an increased half-life in vivo. This has been shown, e.g., for chimeric proteins 
consisting of the first two domains of the human CD4-polypeptide and various 
domains of the constant regions of the heavy or light chains of mammalian 
immunoglobulins (EPA 394,827; Traunecker et aL, Nature 337:84-86 (1988)). 
Fusion proteins that have a disulfide-linked dimeric structure due to the IgG part 
can also be more efficient in binding and neutralizing other molecules than the 
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monomeric TR2 receptor proteins or protein fragments alone (Fountoulakis et al, 
J. Biochem 270:3958-3964 (1995)). 

Detection of Disease States 

The TNF-family ligands induce various cellular responses by binding to 
5 TNF-family receptors, including the TR2 receptors of the present invention. TNF- 

P, a potent ligand of the TNF receptor proteins, is known to be involved in a 
number of biological processes including lymphocyte development, tumor 
□ necrosis, induction of an antiviral state, activation of polymorphonuclear 

3 leukocytes, induction of class I major histocompatibility complex antigens on 

P0 endothelial cells, induction of adhesion molecules on endothelium and growth 

j! hormone stimulation (Ruddle and Homer, Prog. Allergy, 40:162-182 (1988)). 

| TNF-a, also a ligand of the TNF receptor proteins, has been reported to have a 

^ role in the rapid necrosis of tumors, immunostimulation, autoimmune disease, 

P 8 raft ejection, producing an anti-viral response, septic shock, cerebral malaria, 

|5 cytotoxicity, protection against deleterious effects of ionizing radiation produced 

{{ during a course of chemotherapy, such as denaturation of enzymes, lipid 

peroxidation and DNA damage (Nata et al, J. Immunol. 73<5(7):2483 (1987); 
Porter, Tibtech 9:158-162 (1991)), growth regulation, vascular endothelium 
effects and metabolic effects. TNF-a also triggers endothelial cells to secrete 
20 various factors, including PAI-1, IL-1, GM-CSF and IL-6 to promote cell 

proliferation. In addition, TNF-a up-regulates various cell adhesion molecules 
such as E-Selectin, ICAM-1 and VCAM-1. TNF-a and the Fas ligand have also 
been shown to induce programmed cell death. 

Cells which express the TR2 polypeptides and are believed to have a 
25 potent cellular response to TR2 receptor ligands include B lymphocytes (CD 1 9 + ), 

both CD4 + and CD8 + T lymphocytes, monocytes, endothelial cells and other cell 
types shown in Tables 2 and 3. By "a cellular response to a TNF-family ligand" 
is intended any genotypic, phenotypic, and/or morphologic change to a cell, cell 
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line, tissue, tissue culture or patient that is induced by a TNF-family ligand. As 
indicated, such cellular responses include not only normal physiological responses 
to TNF-family ligands, but also diseases associated with increased cell 
proliferation or the inhibition of increased cell proliferation/such as by the 
inhibition of apoptosis. Apoptosis-programmed cell death-is a physiological 
mechanism involved in the deletion of peripheral T lymphocytes of the immune 
system, and its dysregulation can lead to a number of different pathogenic 
processes (Ameisen, J.C., AIDS 8:1 197-1213 (1994); Krammer, P.H. et al, Curr. 
Opin. Immunol. 6:279-289 (1994)). 

It is believed that certain tissues in mammals with specific disease states 
S3 associated with aberrant cell survival express significantly altered levels of the TR2 

| receptor protein and mRNA encoding the TR2 receptor protein when compared 

U to a corresponding "standard" mammal, i.e., a mammal of the same species not 

0 having the disease state. Further, since some forms of this protein are secreted, 
jg it is believed that enhanced levels of the TR2 receptor protein can be detected in 

1 certain bod y fluids ( e -g- ser a, plasma, urine, and spinal fluid) from mammals with 
=3 the disease state when compared to sera from mammals of the same species not 

having the disease state. Thus, the invention provides a diagnostic method useful 
during diagnosis of disease states, which involves assaying the expression level of 
the gene encoding the TR2 receptor protein in mammalian cells or body fluid and 
comparing the gene expression level with a standard TR2 receptor gene 
expression level, whereby an increase or decrease in the gene expression level over 
the standard is indicative of certain disease states associated with aberrant cell 
survival. 

Where diagnosis of a disease state involving the TR2 receptors of the 
present invention has already been made according to conventional methods, the 
present invention is useful as a prognostic indicator, whereby patients exhibiting 
significantly aberrant TR2 receptor gene expression will experience a worse 
clinical outcome relative to patients expressing the gene at a lower level. 
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By "assaying the expression level of the gene encoding the TR2 receptor 
protein" is intended qualitatively or quantitatively measuring or estimating the 
level of the TR2 receptor protein or the level of the mRNA encoding the TR2 
receptor protein in a -first biological sample either directly (e.g- by determining or 
estimating absolute protein level or mRNA level) or relatively (e.g., by comparing 
to the TR2 receptor protein level or mRNA level in a second biological sample). 

Preferably, the TR2 receptor protein level or mRNA level in the first 
biological sample is measured or estimated and compared to a standard TR2 
receptor protein level or mRNA level, the standard being taken from a second 
biological sample obtained from an individual not having the disease state. As will 
be appreciated in the art, once a standard TR2 receptor protein level or mRNA 
level is known, it can be used repeatedly as a standard for comparison. 

By "biological sample" is intended any biological sample obtained from an 
individual, cell line, tissue culture, or other source which contains TR2 receptor 
protein or mRNA. Biological samples include mammalian body fluids (such as 
sera, plasma, urine, synovial fluid and spinal fluid) which contain secreted mature 
TR2 receptor protein, and thymus, prostate, heart, placenta, muscle, liver, spleen, 
lung, kidney and other tissues. Methods for obtaining tissue biopsies and body 
fluids from mammals are well known in the art. Where the biological sample is to 
include mRNA, a tissue biopsy is the preferred source. 

Diseases associated with increased cell survival, or the inhibition of 
apoptosis, include cancers (such as follicular lymphomas, carcinomas with p53 
mutations, and hormone-dependent tumors); autoimmune disorders (such as 
systemic lupus erythematosus and immune-related glomerulonephritis rheumatoid 
arthritis) and viral infections (such as herpes viruses, pox viruses and 
adenoviruses), information graft v. host disease, acute graft rejection, and chronic 
graft rejection. Diseases associated with decreased cell survival, or increased 
apoptosis, include AIDS; neurodegenerative disorders (such as Alzheimer's 
disease, Parkinson's disease, Amyotrophic lateral sclerosis, Retinitis pigmentosa, 
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Cerebellar degeneration); myelodysplastic syndromes (such as aplastic anemia), 
ischemic injury (such as that caused by myocardial infarction, stroke and 
reperfusion injury), toxin-induced liver disease (such as that caused by alcohol), 
septic shock, cachexia and anorexia. 

Assays available to detect levels of soluble receptors are well known to 
those of skill in the art, for example, radioimmunoassays, competitive-binding 
assays. Western blot analysis, and preferably an ELISA assay may be employed. 

TR2 receptor-protein specific antibodies can be raised against the intact 
TR2 receptor protein or an antigenic polypeptide fragment thereof, which may 
presented together with a carrier protein, such as an albumin, to an animal system 
(such as rabbit or mouse) or, if it is long enough (at least about 25 amino acids), 
without a carrier. 

As used herein, the term "antibody" (Ab) or "monoclonal antibody" (mAb) 
is meant to include intact molecules as well as antibody fragments (such as, for 
example. Fab and F(ab') 2 fragments) which are capable of specifically binding to 
TR2 receptor protein. Fab and F(ab*) 2 fragments lack the Fc fragment of intact 
antibody, clear more rapidly from the circulation, and may have less non-specific 
tissue binding of an intact antibody (Wahl et al % J. Nucl. Med. 24:316-325 
(1983)). Thus, these fragments are preferred. 

The antibodies of the present invention may be prepared by any of a 
variety of methods. For example, cells expressing the TR2 receptor protein or an 
antigenic fragment thereof can be administered to an animal in order to induce the 
production of sera containing polyclonal antibodies. In a preferred method, a 
preparation of TR2 receptor protein is prepared and purified to render it 
substantially free of natural contaminants. Such a preparation is then introduced 
into an animal in order to produce polyclonal antisera of greater specific activity. 

In the most preferred method, the antibodies of the present invention are 
monoclonal antibodies (or TR2 receptor protein binding fragments thereof). Such 
monoclonal antibodies can be prepared using hybridoma technology (Kohler et al., 
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Nature 256:495 (1975); Kohler et ai, Eur. J. Immunol. 6:51 1 (1976); Kohler et 
ai, Eur. J. Immunol. 6:292 (1976); Hammerling et ai, In: Monoclonal 
■ Antibodies and T-Cell Hybridomas, Elsevier, N.Y., (1981) pp. 563-681). In 
general, such procedures involve immunizing an animal (preferably a mouse) with 
5 a TR2 receptor protein antigen or, more preferably, with a TR2 receptor 

protein-expressing cell. Suitable cells can be recognized by their capacity to bind 
anti-TR2 receptor protein antibody. Such cells may be cultured in any suitable 
tissue culture medium; however, it is preferable to culture cells in Earle's modified 
O Eagle's medium supplemented with 10% fetal bovine serum (inactivated at about 

|P 56°C), and supplemented with about 10 g/1 of nonessential amino acids, about 

jg 1,000 U/ml of penicillin, and about 100 ug/ml of streptomycin. The splenocytes 

P of such mice are extracted and fused with a suitable myeloma cell line. Any 

□ suitable myeloma cell line may be employed in accordance with the present 

q invention; however, it is preferable to employ the parent myeloma cell line (SP 2 0), 

m available from the American Type Culmre^^ After 

£ fusion, the resulting hybridoma cells are selectively maintained in HAT medium, 

5 and then cloned by limiting dilution as described by Wands et al. 

(Gastroenterology 50:225-232 (1981)). The hybridoma cells obtained through 
such a selection are then assayed to identify clones which secrete antibodies 
20 capable of binding the TR2 receptor protein antigen. 

Agonists and Antagonists ofTR2 Receptor Function 

In one aspect, the present invention is directed to a method for inhibiting 
an activity of TR2 induced by a TNF-family ligand (e.g., cell proliferation, 
hematopoietic development), which involves administering to a cell which 
expresses a TR2 polypeptide an effective amount of a TR2 receptor ligand, analog 
or an antagonist capable of decreasing TR2, receptor mediated signaling. 
Preferably, TR2 receptor mediated signaling is increased to treat a disease wherein 
increased cell proliferation is exhibited. An antagonist can include soluble forms 
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of the TR2 receptors and antibodies directed against the TR2 polypeptides which 
block TR2 receptor mediated signaling. Preferably, TR2 receptor mediated 
signaling is decreased to treat a disease. 

In a further aspect, the present invention is directed to a method for 
increasing cell proliferation induced by a TNF-family ligand, which involves 
administering to a cell which expresses a TR2 polypeptide an effective amount of 
an agonist capable of increasing TR2 receptor mediated signaling. Preferably, 
TR2 receptor mediated signaling is increased to treat a disease wherein decreased 
cell proliferation is exhibited. Agonists of the present invention include 
monoclonal antibodies directed against the TR2 polypeptides which stimulate TR2 
receptor mediated signaling. Preferably, TR2 receptor mediated signaling is 
increased to treat a disease. 

By "agonist" is intended naturally occurring and synthetic compounds 
capable of enhancing cell proliferation and differentiation mediated by TR2 
polypeptides. Such agonists include agents which increase expression of TR2 
receptors or increase the sensitivity of the expressed receptor. By "antagonist" is 
intended naturally occurring and synthetic compounds capable of inhibiting TR2 
mediated cell proliferation and differentiation. Such antagonists include agents 
which decrease expression of TR2 receptors or decrease the sensitivity of the 
expressed receptor. Whether any candidate "agonist" or "antagonist" of the 
present invention can enhance or inhibit cell proliferation and differentiation can 
be determined using art-known TNF-family ligand/receptor cellular response 
assays, including those described in more detail below. 

One such screening technique involves the use of cells which express the 
receptor (for example, transfected CHO cells) in a system which measures 
extracellular pH changes caused by receptor activation, for example, as described 
in Science 246:181-296 (October 1989). For example, compounds may be 
contacted with a cell which expresses the receptor polypeptide of the present 
invention and a second messenger response, e.g., signal transduction or pH 
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changes, may be measured to determine whether the potential compound activates 
or inhibits the receptor. 

Another such screening technique involves introducing RNA encoding the 
receptor into Xenopus oocytes to transiently express the receptor. The receptor 
oocytes may then be contacted with the receptor ligand and a compound to be 
screened, followed by detection of inhibition or activation of a calcium signal in 
the case of screening for compounds which are thought to inhibit activation of the 
receptor. 

Another method involves screening for compounds which inhibit activation 
of the receptor polypeptide of the present invention antagonists by determining 
inhibition of binding of labeled ligand to cells which have the receptor on the 
surface thereof. Such a method involves transfecting a eukaryotic cell with DNA 
encoding the receptor such that the cell expresses the receptor on its surface and 
contacting the cell with a compound in the presence of a labeled form of a known 
ligand. The ligand can be labeled, e.g., by radioactivity. The amount of labeled 
ligand bound to the receptors is measured, e.g., by measuring radioactivity of the 
receptors. If the compound binds to the receptor as determined by a reduction of 
labeled ligand which binds to the receptors, the binding of labeled ligand to the 
receptor is inhibited. . 

Soluble forms of the polypeptides of the present invention may be utilized 
in the ligand binding assay described above. These forms of the TR2 receptors are 
contacted with ligands in the extracellular medium after- they are secreted. A 
determination is then made as to whether the secreted protein will bind to TR2 
receptor ligands. 

Further screening assays for agonist and antagonist of the present 
invention are described in Tartaglia, L.A., and Goeddel, D.V., J. Biol. Chem. 
2(57^:4304-4307(1992). 

Thus, in a further aspect, a screening method is provided for determining 
whether a candidate agonist or antagonist is capable of enhancing or inhibiting a 
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cellular response to a TNP-family ligand. The method involves contacting cells 
which express TR2 polypeptides with a candidate compound and a TNF-family 
ligand, assaying a cellular response, and comparing the cellular response to a 
standard cellular response, the standard being assayed when contact is made with 
the ligand in absence of the candidate compound, whereby an increased cellular 
response over the standard indicates that the candidate compound is an agonist of 
the ligand/receptor signaling pathway and a decreased cellular response compared 
to the standard indicates that the candidate compound is an antagonist of the 
ligand/receptor signaling pathway. By "assaying a cellular response" is intended 
qualitatively or quantitatively measuring a cellular response to a candidate 
compound and/or a TNF-family ligand (e.g., determining or estimating an increase 
or decrease in T cell proliferation or tritiated thymidine labeling). By the 
invention, a cell expressing a TR2 polypeptide can be contacted with either an 
endogenous or exogenously administered TNF-family ligand. 

In an additional aspect, a thymocyte proliferation assay may be employed 
to identify both ligands and potential drug candidates. For example, thymus cells 
are disaggregated from tissue and grown in culture medium. Incorporation of 
DNA precursors such as 3 H-thymidine or 5-bromo-2'-deoxyuridine (BrdU) is 
monitored as a parameter for DNA synthesis and cellular proliferation. Cells 
which have incorporated BrdU into DNA can be detected using a monoclonal 
antibody against BrdU and measured by an enzyme or fluorochrome-conjugated 
second antibody. The reaction is quantitated by fluorimetry or by 
spectrophotometry. Two control wells and an experimental well are set up as 
above and TNF-p or cognate ligand is added to all wells while soluble receptor 
polypeptides of the present invention are added individually to the second control 
wells, with the experimental well containing a compound to be screened. The 
ability of the compound to be screened to stimulate or inhibit the above interaction 
may then be quantified. 
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Agonists according to the present invention include compounds such as, 
for example, TNF-family ligand peptide fragments, transforming growth factor p, 
and neurotransmitters (such as glutamate, dopamine, A^-methyl-D-aspartate). 
Preferred agonist include polyclonal and monoclonal antibodies raised against TR2 
polypeptide, or a fragment thereof Such agonist antibodies raised against a TNF- 
family receptor are disclosed in Tartaglia, L. A., et al, Proc. Natl. Acad. Sci. 
USA ^5:9292-9296 (1991); and Tartaglia, L.A., and Goeddel, D.V., J. Biol. 
Chem. 267 (7):4304-4307 (1992). See, also, PCT Application WO 94/09137. 
Further preferred agonists include chemotherapeutic drugs such as, for example, 
cisplatin, doxorubicin, bleomycin, cytosine arabinoside, nitrogen mustard, 
methotrexate and vincristine. Others include ethanol and P-amyloid peptide. 
{Science 267: 1457-1458 (1995)). 

Antagonist according to the present invention include soluble forms of the 
TR2 receptors (e.g., fragments of the TR2 receptor shown in FIG. 1 A- IB that 
include the ligand binding domain from the extracellular region of the full length 
receptor). Such soluble forms of the receptor, which may be naturally occurring 
or synthetic, antagonize TR2, TR2-SV1 or TR2-SV2 mediated signaling by 
competing with the cell surface bound forms of the receptor for binding to TNF- 
family ligands.. Antagonists of the present invention also include antibodies 
specific for TNF-family ligands and TR2-Fc fusion proteins such as the one 
described below in Examples 5 and 6. 

By a "TNF-family ligand" is intended naturally occurring, recombinant, and 
synthetic ligands that are capable of binding to a member of the TNF receptor 
family and inducing the ligand/receptor signaling pathway. Members of the TNF 
ligand family include, but are not limited to, TNF-a, lymphotoxin-a (LT-a, also 
known as TNF-P), LT-P (found in complex heterotrimer LT-a2-p), FasL, 
CD40L, CD27L, CD30L, 4-1BBL, OX40L and nerve growth factor (NGF). 

The experiments set forth in Example 6 demonstrate that the TR2 
receptors of the present invention are capable of inducing the proliferation of 
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lymphocytes. Further, such proliferation can be inhibited by a TR2 protein 
fragment fused to an Fc antibody fragment. 

TNFa has been shown to protect mice from infection with herpes simplex 
virus typel (HSV-1). Rossol-Voth, R. etal, J .Gen. Virol. 72:\A2-\A1 (1991). 
The mechanism of the protective effect of TNFa is unknown but appears to 
involve neither interferons not NK cell killing. One member of the TNFR family 
has been shown to mediate HSV-1 entry into cells. Montgomery, R. et al., Eur. 
Cytokine Newt. 7:159 (1996). Further, antibodies specific for the extracellular 
domain of this TNFR block HSV-1 entry into cells. Thus, TR2 receptors of the 
present invention include both TR2 amino acid sequences and antibodies capable 
of preventing TNFR mediated viral entry into cells. Such sequences and 
antibodies can function by either competing with cell surface localized TNFR for 
binding to virus or by directly blocking binding of virus to cell surface receptors. 

Antibodies accordingVo the present invention may be prepared by any of 
a variety of methods using TR2 receptor immunogens of the present invention. 
Such TR2 receptor immunogens lWhjde the TR2 receptor protein shown in FIG. 

A- IB (SEQ ID NO:2) and the &2-SV1 (FIG. 4A-4B (SEQ ID NO: 5)) and 
TR2-SV2 (FIG. 7A-7B (SEQ ID No£)) polypeptides (any of which may or may 
not include a leader sequence) andVolypeptide fragments of the receptors 
comprising the ligand binding, extracellular, transmembrane, the intracellular 
domains of the TR2 receptors, or any combination thereof. 

Polyclonal and monoclonal antibody agonist or antagonist according to the 
present invention can be raised according to the methods disclosed in Tartaglia 
and Goeddel, J. Biol. Chem. 267(7):4304-4307(1992)); Tartaglia et al.. Cell 
73:213-216 (1993)), and PCT Application WO 94/09137. The term "antibody" 
(Ab) or "monoclonal antibody" (mAb) as used herein is meant to include intact 
molecules as well as fragments thereof (such as, for example. Fab and F(ab') 2 
fragments) which are capable of binding an antigen. Fab and F(ab') 2 fragments 
lack the Fc fragment of intact antibody, clear more rapidly from the circulation, 
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and may have less non-specific tissue binding of an intact antibody (Wahl et al., 
J. Nucl. Med. 24:316-325 (1983)). 

In a preferred method, antibodies according to the present invention are 
mAbs. Such mAbs can be prepared using hybridoma technology (Kohler and 
Millstein, Nature 256:495-497 (1975) and U.S. Patent No. 4,376,1 10; Harlow et 
al., Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY, 1988; Monoclonal Antibodies and Hybridomas: A New 
Dimension in Biological Analyses, Plenum Press, New York, NY, 1980; 
Campbell, "Monoclonal Antibody Technology," In: Laboratory Techniques in 
Biochemistry and Molecular Biology, Volume 13 (Burdon et al., eds), Elsevier, 
Amsterdam (1984)). 

Proteins and other compounds which bind the TR2 receptor domains are 
also candidate agonist and antagonist according to the present invention. Such 
binding compounds can be "captured" using the yeast two-hybrid system (Fields 
and Song, Nature 340:245-246 (1989)). A modified version of the yeast two- 
hybrid system has been described by Roger Brent and his colleagues (Gyuris, J. 
et al., Cell 75:791-803 (1993); Zervos, A.S. et al, Cell 72:223-232 (1993)). 
Preferably, the yeast two-hybrid system is used according to the present invention 
to capture compounds which bind to the ligand binding, extracellular, intracellular, 
and transmembrane domains of the TR2 receptors. Such compounds are good 
candidate agonist and antagonist of the present invention. 

Using the two-hybrid assay described above, the intracellular domain of 
the TR2 receptor, or a portion thereof, may be used to identify cellular proteins 
which interact with the receptor in vivo. Such an assay may also be used to 
identify ligands with potential agonistic or antagonistic activity of TR2 receptor 
function. This screening assay has previously been used to identify protein which 
interact with the cytoplasmic domain of the murine TNF-RII and led to the 
identification of two receptor associated proteins. Rothe, M. et al, Cell 75:681 
(1994). Such proteins and amino acid sequences which bind to the cytoplasmic 
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domain of the TR2 receptors are good candidate agonist and antagonist of the 
present invention. 

Other screening techniques include the use of cells which express the 
polypeptide of the present invention (for example, transfected CHO cells) in a 
system which measures extracellular pH changes caused by receptor activation, 
for example, as described in Science, 246:181-296 (1989). In another example, 
potential agonists or antagonists may be contacted with a cell which expresses the 
polypeptide of the present invention and a second messenger response, e.g., signal 
transduction may be measured to determine whether the potential antagonist or 
agonist is effective. 

The TR2 receptor agonists may be employed to stimulate ligand activities, 
such as inhibition of tumor growth and necrosis of certain transplantable tumors. 
The agonists may also be employed to stimulate cellular differentiation, for 
example, T-cell, fibroblasts and hemopoietic cell differentiation. Agonists to the 
TR2 receptor may also augment TR2's role in the host's defense against 
microorganisms and prevent related diseases (infections such as that from Listeria 
monocytogenes) and Chlamidiae. The agonists may also be employed to protect 
against the deleterious effects of ionizing radiation produced during a course of 
radiotherapy, such as denaturation of enzymes, lipid peroxidation, and DNA 
damage. 

Agonists to the receptor polypeptides of the present invention may be used 
to augment TNFs role in host defenses against microorganisms and prevent 
related diseases. The agonists may also be employed to protect against the 
deleterious effects of ionizing radiation produced during a course of radiotherapy, 
such as denaturation of enzymes, lipid peroxidation, and DNA damage. 

The agonists may also be employed to mediate an anti-viral response, to 
regulate growth, to mediate the immune response and to treat immunodeficiencies 
related to diseases such as fflV by increasing the rate of lymphocyte proliferation 
and differentiation. 



-50- 



The antagonists to the polypeptides of the present invention may be 
employed to inhibit ligand activities, such as stimulation of tumor growth and 
necrosis of certain transplantable tumors. The antagonists may also be employed 
to inhibit cellular differentiation, for example; T-cell, fibroblasts and hemopoietic 
cell differentiation. Antagonists may also be employed to treat autoimmune 
diseases, for example, graft versus host rejection and allograft rejection, and T-cell 
mediated autoimmune diseases such as AIDS. It has been shown that T-cell 
proliferation is stimulated via a type 2 TNF receptor. Accordingly, antagonizing 
the receptor may prevent the proliferation of T-cells and treat T-cell mediated 
autoimmune diseases. 

The state of immunodeficiency that defines AIDS is secondary to a 
decrease in the number and function of CD4 + T-lymphocytes. Recent reports 
estimate the daily loss of CD4 + T cells to be between 3.5 X 10 7 and 2 X 10 9 cells 
(Wei X., et al., Nature 373: 1 17-122 (1995)). One cause of CD4 + T cell depletion 
in the setting of HIV infection is believed to be HIV-induced apoptosis. Indeed, 
HIV-induced apoptotic cell death has been demonstrated not only in vitro but 
also, more importantly, in infected individuals (Ameisen, J.C., AIDS 8: 1 197-1213 
(1994) ; Finkel, T.H., and Banda, N.K., Curr. Opin. Immunol. 6:605-615(1995); 
Muro-Cacho, C.A. et al., J. Immunol. 754:5555-5566 (1995)). Furthermore, 
apoptosis and CD4 + T-lymphocyte depletion is tightly correlated in different 
animal models of AIDS (Brunner, T., et al., Nature 375:441-444 (1995); 
Gougeon, Ml, et al., AIDS Res. Hum. Retroviruses 9:553-563 (1993)) and, 
apoptosis is not observed in those animal models in which viral replication does 
not result in AIDS (Gougeon, M.L. etal, AIDS Res. Hum. Retroviruses 9:553- 
563 (1993)). Further data indicates that uninfected but primed or activated T 
lymphocytes from HIV-infected individuals undergo apoptosis after encountering 
the TNF-family ligand FasL. Using monocytic cell lines that result in death 
following HIV infection, it has been demonstrated that infection of U937 cells 
with HIV results in the de novo expression of FasL and that FasL mediates HIV- 



-51- 



induced apoptosis (Badley, A.D. etal> J. Virol 70:199-206(1996)). Further the 
TNF-family ligand was detectable in uninfected macrophages and its expression 
was upregulated following fflV infection resulting in selective killing of uninfected 
CD4 + T-lymphocytes (Badley, A.D etai, J. Virol 70:199-206 (1996)). 

As shown in Example 6, the TR2 receptor shown in FIG. 1A-1B is 
expressed in CD4 + T-lymphocytes and is capable of inducing lymphocyte 
proliferation. Thus, by the invention, a method for treating HIV + individuals is 
provided which involves administering an agonist of the present invention to 
increase the rate of proliferation and differentiation of CD4 + T-lymphocytes. Such 
agonists include agents capable of inducing the expression of TR2 receptors (e.g., 
TNFoc, PMA and DMSO) or enhancing the signal of such receptors which induces 
lymphocyte proliferation and differentiation. Modes of administration and dosages 
are discussed in detail below. 

In rejection of an allograft, the immune system of the recipient animal has 
not previously been primed to respond because the immune system for the most 
part is only primed by environmental antigens. Tissues from other members of the 
same species have not been presented in the same way that, for example, viruses 
and bacteria have been presented. In the case of allograft rejection, 
immunosuppressive regimens are designed to prevent the immune system from 
reaching the effector stage. However, the immune profile of xenograft rejection 
may resemble disease recurrence more that allograft rejection. In the case of 
disease recurrence, the immune system has already been activated, as evidenced 
by destruction of the native islet cells. Therefore, in disease recurrence the 
immune system is already at the effector stage. Antagonists of the present 
invention are able to suppress the immune response to both allografts and 
xenografts by decreasing the rate of TR2 mediated lymphocyte proliferation and 
differentiation. Such antagonists include the TR2-Fc fusion protein described in 
Examples 5 and 6. Thus, the present invention further provides a method for 
suppression of immune responses. 
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In addition, TNFa has been shown to prevent diabetes in strains of animals 
which are prone to this affliction resulting from autoimmunity. See Porter, A., 
Tibtech 9:158-162 (1991). Thus, agonists and antagonists of the present 
invention may be useful in the treatment of autoimmune diseases such as type 1 
diabetes. 

In addition, the role played by the TR2 receptors in cell proliferation and 
differentiation indicates that agonist or antagonist of the present invention may be 
used to treat disease states involving aberrant cellular expression of these 
receptors. TR2 receptors may in some circumstances induce an inflammatory 
response, and antagonists may be useful reagents for blocking this response. Thus 
TR2 receptor antagonists (e.g., soluble forms of the TR2 receptors; neutralizing 
antibodies) may be useful for treating inflammatory diseases, such as rheumatoid 
arthritis, osteoarthritis, psoriasis, septicemia, and inflammatory bowel disease. 

Antagonists to the TR2 receptor may also be employed to treat and/or 
prevent septic shock, which remains a critical clinical condition. Septic shock 
results from an exaggerated host response, mediated by protein factors such as 
TNF and IL-1, rather than from a pathogen directly. For example, 
lipopolysaccharides have been shown to elicit the release of TNF leading to a 
strong and transient increase of its serum concentration. TNF causes shock and 
tissue injury when administered in excessive amounts. Accordingly, it is believed 
that antagonists to the TR2 receptor will block the actions of TNF and 
treat/prevent septic shock. These antagonists may also be employed to treat 
meningococcemia in children which correlates with high serum levels of TNF. 

Among other disorders which may be treated by the antagonists to TR2 
receptors, there are included, inflammation which is mediated by TNF receptor 
ligands, and the bacterial infections cachexia and cerebral malaria. The TR2 
receptor antagonists may also be employed to treat inflammation mediated by 
ligands to the receptor such as TNF. 
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Modes of administration 

The agonist or antagonists described herein can be administered in vitro, 
ex vivo, or in vivo to cells which express the receptor of the present invention. By 
administration of an "effective amount" of an agonist or antagonist is intended an 
amount of the compound that is sufficient to enhance or inhibit a cellular response 
to a TNF-family ligand and include polypeptides. In particular, by administration 
of an "effective amount" of an agonist or antagonists is intended an amount 
effective to enhance or inhibit TR2 receptor mediated activity. Of course, where 
cell proliferation and/or differentiation is to be enhanced, an agonist according to 
the present invention can be co-administered with a TNF-family ligand. One of 
ordinary skill will appreciate that effective amounts of an agonist or antagonist can 
be determined empirically and may be employed in pure form or in 
pharmaceutical^ acceptable salt, ester or pro-drug form. The agonist or 
antagonist may be administered in compositions in combination with one or more 
pharmaceutical^ acceptable excipients. 

It will be understood that, when administered to a human patient, the total 
daily usage of the compounds and compositions of the present invention will be 
decided by the attending physician within the scope of sound medical judgement. 
The specific therapeutically effective dose level for any particular patient will 
depend upon factors well known in the medical arts. 

As a general proposition, the total pharmaceutical^ effective amount of 
a TR2 polypeptide administered parenterally per dose will be in the range of about 
1 jig/kg/day to 10 mg/kg/day of patient body weight, although, as noted above, 
this will be subject to therapeutic discretion. More preferably, this dose is at least 
0.01 mg/kg/day, and most preferably for humans between about 0.01 and 1 
mg/kg/day for the hormone. If given continuously, the TR2 polypeptide is 
typically administered at a dose rate of about 1 ng/kg/hour to about 50 
Hg/kg/hour, either by 1-4 injections per day or by continuous subcutaneous 
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mfiisions, for example, using a mini-pump. An intravenous bag solution may also 
be employed. 

Pharmaceutical compositions containing the TR2 receptor polypeptides of 
the invention may be administered orally, rectally, parenterally, intracistemally, 
intravaginally, intraperitoneal^, topically (as by powders, ointments, drops or 
transdermal patch), bucally, or as an oral or nasal spray. By "pharmaceutical^ 
acceptable carrier" is meant a non-toxic solid, semisolid or liquid filler, diluent, 
encapsulating material or formulation auxiliary of any type. The term "parenteral" 
as used herein refers to modes of administration which include intravenous, 
intramuscular, intraperitoneal, intrasternal, subcutaneous and intraarticular 
injection and infusion. 

Having generally described the invention, the same will be more readily 
understood by reference to the following examples, which are provided by way of 
illustration and are not intended as limiting. 

Example 1 

Expression and Purification ofTR2 in E. coli 

The bacterial expression vector pQE60 is used for bacterial expression in 
this example. (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311). 
pQE60 encodes ampicillin antibiotic resistance (" Amp r ") and contains a bacterial 
origin of replication ("ori"), an IPTG inducible promoter, a ribosome binding site 
("RBS"), six codons encoding histidine residues that allow affinity purification 
using nickel-nitrilo-tri-acetic acid ("Ni-NTA") affinity resin sold by QIAGEN, 
Inc., supra, and suitable single restriction enzyme cleavage sites. These elements 
are arranged such that a DNA fragment encoding a polypeptide may be inserted 
in such as way as to produce that polypeptide with the six His residues (i.e., a "6 
X His tag") covalently linked to the carboxyl terminus of that polypeptide. 
However, in this example, the polypeptide coding sequence is inserted such that 



-55- 



translation of the six His codons is prevented and, therefore, the polypeptide is 
produced, with no 6 X His tag. 

The DNA sequence encoding the desired portion of the TR2 protein 
lacking the hydrophobic leader sequence "is amplified from the deposited cDN A 
clone using PCR oligonucleotide primers which anneal to the amino terminal 
sequences of the desired portion of the TR2 protein and to sequences in the 
deposited construct 3' to the cDNA coding sequence. Additional nucleotides 
containing restriction sites to facilitate cloning in the pQE60 vector are added to 
the 5* and 3* sequences, respectively. 

For cloning the mature protein, the 5' primer has the sequence: 
5' CGCCCATGGCCCCAGCTCTGCCGTCCT 3' (SEQ ID NO: 14) containing 
the underlined Ncol restriction site followed by 18 nucleotides complementary to 
the amino terminal coding sequence of the mature TR2 sequence in FIG. 1 A- IB. 
One of ordinary skill in the art would appreciate, of course, that the point in the 
protein coding sequence where the 5* primer begins may be varied to amplify a 
desired portion of the complete protein shorter or longer than the mature form. 
The 3' primer has the sequence: 

5' CGCAAGCTTATTGTGGGAGCTGCTGGTCCC 3' (SEQ ID NO: 15) 
containing the underlined Hindlll restriction site followed by 18 nucleotides 
complementary to the 3' end of the nucleotide sequence shown in FIG. 1 A- IB 
(SEQ ID NO:l) encoding the extracellular domain of the TR2 receptor. 

The amplified TR2 DNA fragments and the vector pQE60 are digested 
with Ncol and HindlH and the digested DNAs are then ligated together. Insertion 
of the TR2 DNA into the restricted pQE60 vector places the TR2 protein coding 
region including its associated stop codon downstream from the IPTG-inducible 
promoter and in-frame with an initiating AUG. The associated stop codon 
prevents translation of the six histidine codons downstream of the insertion point. 

The ligation mixture is transformed into competent E. coli cells using 
standard procedures such as those described in Sambrook el aL, Molecular 
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Cloning: a Laboratory Manual, 2nd Ed.; Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY (1989). R coli strain M15/rep4, containing multiple 
copies of the plasmid pREP4, which expresses the lac repressor and confers 
kanamycin resistance ("Kan™), is used in carrying out the illustrative example 
described herein. This strain, which is only one of many that are suitable for 
expressing TR2 protein, is available commercially from QIAGEN, Inc., supra. 
Transformants are identified by their ability to grow on LB plates in the presence 
of ampicillin and kanamycin. Plasmid DNA is isolated from resistant colonies and 
the identity of the cloned DNA confirmed by restriction analysis, PCR and DNA 
sequencing. 

Clones containing the desired constructs are grown overnight ("O/N") in 
liquid culture in LB media supplemented with both ampicillin (100 ng/ml) and 
kanamycin (25 jig/ml). The O/N culture is used to inoculate a large culture, at a 
dilution of approximately 1:25 to 1 :250. The cells are grown to an optical density 
at 600 nm ("00600") of between 0.4 and 0.6. Isopropyl-b-D- 
thiogalactopyranoside ("IPTG") is then added to a final concentration of 1 mM to 
induce transcription from the lac repressor sensitive promoter, by inactivating the 
lad repressor. Cells subsequently are incubated further for 3 to 4 hours. Cells 
then are harvested by centrifugation. 

The cells are then stirred for 3-4 hours at 4°C in 6 M guanidine-HCl, pH 
8. The cell debris is removed by centrifugation, and the supernatant containing the 
TR2 is dialyzed against 50 mM Na-acetate buffer pH 6, supplemented with 200 
mM NaCl. Alternatively, the protein can be successfully refolded by dialyzing it 
against 500 mM NaCl, 20% glycerol, 25 mM Tris/HCl pH 7.4, containing 
protease inhibitors. After renaturation the protein can be purified by ion 
exchange, hydrophobic interaction and size exclusion chromatography. 
Alternatively, an affinity chromatography step such as an antibody column can be 
used to obtain pure TR2 protein. The purified protein is stored at 4°C or frozen 
at-80°C. 
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Example 2 

Example 2(a): Cloning and Expression of a Soluble Fragment of TR2 Protein 
in a Baculovirus Expression System 

In this example, the plasmid shuttle vector pA2 GP was used to insert the 
cloned DNA encoding the mature extracellular domain of the TR2 receptor 
protein shown in FIG. 1A-1B, lacking its naturally associated secretory signal 
(leader) sequence, into a baculovirus. This protein was expressed using a 
baculovirus leader and standard methods as described in Summers et al % A 
Manual of Methods for Baculovirus Vectors and Insect Cell Culture Procedures, 
Texas Agricultural Experimental Station Bulletin No. 1555 (1987). This 
expression vector contains the strong polyhedrin promoter of the Autographa 
californica nuclear polyhedrosis virus (AcMNPV) followed by the secretory signal 
peptide (leader) of the baculovirus gp67 protein and convenient restriction sites 
such as BamHI, Xbal and Asp718. The polyadenylation site of the simian virus 40 
( n SV40 n ) is used for efficient polyadenylation. For easy selection of recombinant 
virus, the plasmid contains the beta-galactosidase gene from E. coli under control 
of a weak Drosophila promoter in the same orientation, followed by the 
polyadenylation signal of the polyhedrin gene. The inserted genes are flanked on 
both sides by viral sequences for cell-mediated homologous recombination with 
wild-type viral DNA to generate viable virus that expresses the cloned 
polynucleotide. 

Many other baculovirus vectors could be used in place of the vector above, 
such as pAc373, pVL941 and pAcIMl, as one skilled in the art would readily 
appreciate, as long as the construct provides appropriately located signals for 
transcription, translation, secretion and the like, including a signal peptide and an 
m-frame AUG as required. Such vectors are described, for instance, in Luckow 
etaL, Virology 770:31-39. 
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The cDNA sequence encoding essentially the mature extracellular domain 
(amino acids 37 to 200 shown in FIG. 1 A-1B) of the TR2 receptor protein in the 
deposited clone (ATCC Deposit Number 97059) was amplified using PCR 
oligonucleotide primers corresponding to the relevant 5' and 3 1 sequences of the 
gene. The 5' primer for each of the above has the sequence: 
5" CGCfifiATCCCGGAGCCCCCTGCTAC 3' (SEQ ID NO: 16) containing the 
underlined BamHI restriction enzyme site, an efficient signal for initiation of 
translation in eukaryotic cells, as described by Kozak, M., J. Mol. Biol. 196:947- 
950 (1987), followed by 15 bases of the coding sequence of the TR2 protein 
shown in FIG. 1 A-1B, beginning with the nucleotide 354. The 3' primer has the 
sequence: 

5' CGCGGTACCATTGTGGGAGCTGCTGGTCCC 3 1 (SEQ ID NO: 17) 

containing the underlined, Asp718 restriction sites followed by 17 nucleotides 

complementary to the coding sequences in FIG. 1A-1B. 

The amplified fragment was isolated from a 1% agarose gel using a 

commercially available kit ("Geneclean," BIO 101 Inc., La Jolla, Ca.). The 

fragment was then digested with BamHI and Asp718 and purified on a 1% 

agarose gel. This fragment is designated herein "Fl ". 

The plasmid was digested with the restriction enzymes BamHI and Asp718 

dephosphorylated using calf intestinal phosphatase. The DNA was then isolated 
from a 1% agarose gel using a commercially available kit ("Geneclean" BIO 101 
Inc., La Jolla, Ca.). This vector DNA was designated herein "VI". 

Fragment Fl and the dephosphorylated plasmid VI were ligated together 
with T4 DNA ligase. E coli HB101 cells were transformed with the ligation 
mixture and spread on culture plates. Other suitable E. coli hosts such as XL-1 
Blue (Stratagene Cloning Systems, La Jolla, CA) may also be used. Bacteria were 
identified that contain the plasmid with the human TR2 sequences using the PCR 
method, in which one of the primers that was used to amplify the gene and the 
second primer was from well within the vector so that only those bacterial 
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colonies containing TR2 gene fragments show amplification of the DNA. The 
sequence of the cloned fragment was confirmed by DNA sequencing. The plasmid 
was designated herein pBacTR2-T. 

Five jig of pBacTR2-T was co-transfected with 1.0 \xg of a commercially 
available linearized baculovirus DNA ("BaculoGold™ baculovirus DNA", 
Pharmingen, San Diego, CA.), using the lipofection method described by Feigner 
etal, Proa Natl. Acad. ScL USA 84:1413-1411 (1987). 1 ^g of BaculoGold™ 
virus DNA and 5 fig of plasmid pBacTR2-T were mixed in a sterile well of a 
microtiter plate containing 50 \x\ of serum-free Grace's medium (Life Technologies 
Inc., Gaithersburg, MD). Afterwards, 10 jil Lipofectin plus 90 \x\ Grace's medium 
were added, mixed and incubated for 15 minutes at room temperature. Then the 
transfection mixture was added drop-wise to Sf9 insect cells (ATCC CRL 1711) 
seeded in a 35 mm tissue culture plate with 1 ml Grace's medium without serum. 
The plate was rocked back and forth to mix the newly added solution. The plate 
was then incubated for 5 hours at 27 °C. After 5 hours the transfection solution 
was removed from the plate and 1 ml of Grace's insect medium supplemented with 
10% fetal calf serum was added. The plate was put back into an incubator and 
cultivation was continued at 27 °C for four days. 

After four days the supernatant was collected and a plaque assay was 
performed, as described by Summers and Smith, supra. An agarose gel with 
"Blue Gal" (Life Technologies Inc., Gaithersburg) was used to allow easy 
identification and isolation of gal-expressing clones, which produce blue-stained 
plaques. (A detailed description of a "plaque assay" of this type can also be found 
in the user's guide for insect cell culture and baculovirology distributed by Life 
Technologies Inc., Gaithersburg, page 9-10). After appropriate incubation, blue 
stained plaques were picked with the tip of a micropipettor (e.g., Eppendorf). The 
agar containing the recombinant viruses was then resuspended in a 
microcentrifuge tube containing 200 |al of Grace's medium and the suspension 
containing the recombinant baculovirus was used to infect Sf9 cells seeded in 35 
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mm dishes. Four days later the supernatants of these culture dishes were 
harvested and then they were stored at 4°C. The recombinant virus is called V- 
TR2-T. 

To verify the expression of the gene used, Sf9 cells were grown in Grace's 
medium supplemented with 10% heat inactivated FBS. The cells were infected 
with the recombinant baculovirus V-TR2-T at a multiplicity of infection ("MOI") 
of about 2. Six hours later the medium was removed and replaced with SF900 II 
medium minus methionine and cysteine (available from Life Technologies Inc., 
Rockville, MD). Forty-two hours later, 5 jaCi of 35 S-methionine and 5 ^Ci 35 S- 
cysteine (available from Amersham) were added to radiolabel proteins. The cells 
were further incubated for 16 hours and then they were harvested by 
centrifiigation. The proteins in the supernatant as well as the intracellular proteins 
were analyzed by SDS-PAGE followed by autoradiography. Microsequencing of 
the amino acid sequence of the amino terminus of purified protein was used to 
determine the amino terminal sequence of the mature protein and thus the 
cleavage point and length of the secretory signal peptide. 

Example 2(b): Cloning and Expression of TR2 Protein in a Baculovirus 
Expression System 

Similarly to the cloning and expression of the truncated version of the TR2 
receptor described in Example 2(a), recombinant baculoviruses were generated 
which express the full length TR2 receptor protein shown in FIG. 1 A- IB (SEQ 
ID NO:2). 

In this example, the plasmid shuttle vector pA2 was used to insert the 
cloned DNA encoding the complete protein, including its naturally associated 
secretary signal (leader) sequence, into a baculovirus to express the mature TR2 
protein. Other attributes of the pA2 vector are as described for the pA2 GP 
vector used in Example 2(a). 



-61- 



The cDNA sequence encoding the full length TR2 protein in the deposited 
clone, including the AUG initiation codon and the naturally associated leader 
sequence shown in FIG. 1A-1B (SEQ ED NO:2), was amplified using PCR 
oligonucleotide primers corresponding to the 5' and 3' sequences of the gene. The 
5' primer has the sequence: 

5' GCGCGGATCCACCATGGAGCCTCCTGGAGACTGG 3* (SEQ ID NO: 18) 
containing the underlined BamHI restriction enzyme site, an efficient signal for 
initiation of translation in eukaryotic cells, as described by Kozak, M, J. Mol 
Biol 796:947-950 (1987), followed by 21 bases of the sequence of the complete 
TR2 protein shown in FIG. 1 A- IB, beginning with the AUG initiation codon. The 
3* primer has the sequence: 

5' GCGCGGTACCTCTACCCCAGCAGGGGCGCCA 3' (SEQ ID NO: 19) 
containing the underlined, Asp718 restriction site followed by 21 nucleotides 
complementary to the 3* noncoding sequence in FIG. 1A-1B. 

The amplified fragment was isolated and digested with restriction enzymes 
as described in Example 2(a) to produce plasmid pBacTR2 

5 jig of pBacTR2 was co-transfected with 1 jag of BaculoGold™ 
(Pharmingen) viral DNA and 10 ^1 of Lipofectin™ (Life Technologies, Inc.) in a 
total volume of 200 ^1 serum free media. The primary viruses were harvested at 
4-5 days post-infection (pi), and used in plaque assays. Plaque purified viruses 
were subsequently amplified and frozen, as described in Example 2(a). 

For radiolabeling of expressed proteins, Sf9 cells were seeded in 12 well 
dishes with 2.0 ml of a cell suspension containing 0.5 x 10 6 cells/ml and allowed 
to attach for 4 hours. Recombinant baculoviruses were used to infect the cells at 
an MOI of 1-2. After 4 hours, the media was replaced with 1 .0 ml of serum free 
media depleted for methionine and cysteine (-Met/-Cys). At 3 days pi, the culture 
media was replaced with 0.5 ml -MetACys containing 2 ^Ci each [ 35 S]-Met and 
[ 35 S]-Cys. Cells were labeled for 16 hours after which the culture media was 
removed and clarified by centrifiigation (Supernatant). The cells were lysed in the 
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dish by addition of 0.2 ml lysis buffer (20 mM HEPES, pH 7.9; 1 30 mM NaCl; 0.2 
mM EDTA; 0.5 mM DTT and 0.5% vol/vol NP-40) and then diluted up to 1.0 ml 
with dH 2 0 (Cell Extract). 30 |il of each supernatant and cell extract were 
resolved by 15% SDS-PAGE Protein gels were stained, destained, amplified," 
dried and autoradiographed. Labeled bands corresponding to the recombinant 
proteins were visible after 16-72 hours exposure. 

Example 3 

Cloning and Expression of TR2 in Mammalian Cells 

A typical mammalian expression vector contains the promoter element, 
which mediates the initiation of transcription of mRNA, the protein coding 
sequence, and signals required for the termination of transcription and 
polyadenylation of the transcript. Additional elements include enhancers, Kozak 
sequences and intervening sequences flanked by donor and acceptor sites for RNA 
splicing. Highly efficient transcription can be achieved with the early and late 
promoters from SV40, the long terminal repeats (LTRS) from Retroviruses, e.g., 
RSV, HTLVI, HIVI and the early promoter of the cytomegalovirus (CMV). 
However, cellular elements can also be used (e.g., the human actin promoter). 
Suitable expression vectors for use in practicing the present invention include, for 
example, vectors such as PSVL and PMSG (Pharmacia, Uppsala, Sweden), 
pRSVcat (ATCC 37152), pSV2dhfr (ATCC 37146) and P BC12MI (ATCC 
67109). Mammalian host cells that could be used include, human HeLa 293, H9 
and Jurkat cells, mouse NIH3T3 and C127 cells, Cos 1, Cos 7 and CV 1, quail 
QC1-3 cells, mouse L cells and Chinese hamster ovary (CHO) cells. 

Alternatively, the gene can be expressed in stable cell lines that contain the 
gene integrated into a chromosome. The co-transfection with a selectable marker 
such as dhfr, gpt, neomycin, or hygromycin allows the identification and isolation 
of the transfected cells. 
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The transfected gene can also be amplified to express large amounts of the 
encoded protein. The DHFR (dihydrofolate reductase) marker is useful to 
develop cell lines that carry several hundred or even several thousand copies of the 
gene of interest. Another useful selection marker is the enzyme glutamine 
synthase (GS) (Murphy et aL, Biochem J, 227:277-279 (1991); Bebbington et aL, 
Bio/Technology 70.169-175 (1992)). Using these markers, the mammalian cells 
are grown in selective medium and the cells with the highest resistance are 
selected. These cell lines contain the amplified gene(s) integrated into a 
chromosome. Chinese hamster ovary (CHO) and NSO cells are often used for the 
production of proteins. 

The expression vectors pCl and pC4 contain the strong promoter (LTR) 
of the Rous Sarcoma Virus (Cullen et aL, Molecular and Cellular Biology, 438- 
447 (March, 1985)) plus a fragment of the CMV-enhancer (Boshart et aL, Cell 
47:521-530 (1985)). Multiple cloning sites, e.g., with the restriction enzyme 
cleavage sites BamHI, Xbal and Asp718, facilitate the cloning of the gene of 
interest. The vectors contain in addition the 3' intron, the polyadenylation and 
termination signal of the rat preproinsulin gene. 

Example 3(a): Cloning and Expression in COS Cells 

The expression plasmid, pTR2 HA, is made by cloning a cDNA encoding 
TR2 into the expression vector pcDNAI/Amp or pcDNAIII (which can be 
obtained from Invitrogen, Inc.). 

The expression vector pcDNAI/amp contains: (1) an E. coll origin of 
replication effective for propagation in E. coli and other prokaryotic cells; (2) an 
ampicillin resistance gene for selection of plasmid-containing prokaryotic cells; (3) 
an SV40 origin of replication for propagation in eukaryotic cells; (4) a CMV 
promoter, a polylinker, an SV40 intron; (5) several codons encoding a 
hemagglutinin fragment (i.e., an "HA" tag to facilitate purification) followed by 
a termination codon and polyadenylation signal arranged so that a cDNA can be 
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conveniently placed under expression control of the CMV promoter and operably 
linked to the SV40 intron and the polyadenylation signal by means of restriction 
sites in the polylinker. The HA tag corresponds to an epitope derived from the 
influenza hemagglutinin protein described by Wilson et al y Cell 37:161 (1984). 
The fusion of the HA tag to the target protein allows easy detection and recovery 
of the recombinant protein with an antibody that recognizes the HA epitope. 
pcDNAIII contains, in addition, the selectable neomycin marker. 

A DNA fragment encoding a TR2 is cloned into the polylinker region of 
the vector so that recombinant protein expression is directed by the CMV 
promoter. The plasmid construction strategy is as follows. The TR2 cDNA of the 
deposited clone is amplified using primers that contain convenient restriction sites, 
much as described above for construction of vectors for expression of TR2 in E. 
colL Suitable primers include the following, which are used in this example. The 
5' primer, containing the underlined BamHI site, a Kozak sequence, an AUG start 
codon and 6 additional codons of the 5' coding region of the complete TR2 has 
the following sequence: 

5* GCGCGGATCCACCATGGAGCCTCCTGGAGACTGG 3* (SEQ ID NO:20). 
The 3' primer, containing the underlined Xbal site, a stop codon, HA tag, and 19 
bp of 3' coding sequence has the following sequence (at the 3' end): 
5' GCGCTCTAGATCAAGCGTAGTCTGGGACGTCGT 
ATGGGTAGTGGTTTGGGCTCCTCCC 3' (SEQ ID NO:21). 

The PGR amplified DNA fragment and the vector, pcDNAI/Amp, are 
digested with BamHI and Xbal and then ligated. The ligation mixture is 
transformed into E. coli strain SURE (available from Stratagene Cloning Systems, 
11099 North Torrey Pines Road, La Jolla, CA 92037), and the transformed 
culture is plated on ampicillin media plates which then are incubated to allow 
growth of ampicillin resistant colonies. Plasmid DNA is isolated from resistant 
colonies and examined by restriction analysis or other means for the presence of 
the TR2-encoding fragment. 
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For expression of recombinant TR2, COS cells are transfected with an 
expression vector, as described above, using DEAE-DEXTRAN, as described, for 
instance, in Sambrook et a/., Molecular Cloning: a Laboratory Manual, Cold 
Spring Laboratory Press, Cold Spring Harbor, New York (1989), Cells are 
incubated under conditions for expression of TR2 by the vector. 

Expression of the TR2-HA fusion protein is detected by radiolabeling and 
immunoprecipitation, using methods described in, for example Harlow et al., 
Antibodies: A Laboratory Manual, 2nd Ed.; Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, New York (1988). To this end, two days after 
transfection, the cells are labeled by incubation in media containing 35 S-cysteine 
for 8 hours. The cells and the media are collected, and the cells are washed and 
lysed with detergent-containing RIPA buffer: 150 mM NaCl, 1% NP-40, 0.1% 
SDS, 0.5% DOC, 50 mM TRIS, pH 7.5, as described by Wilson et al cited 
above. Proteins are precipitated from the cell lysate and from the culture media 
using an HA-specific monoclonal antibody. The precipitated proteins then are 
analyzed by SDS-P AGE and autoradiography. An expression product of the 
expected size is seen in the cell lysate, which is not seen in negative controls. 

Example 3(b): Cloning and Expression in CHO Cells 

The vector pC4 is used for the expression of TR2 protein. Plasmid pC4 
is a derivative of the plasmid pSV2-dhfr (ATCC Accession No. 37146). The 
plasmid contains the mouse DHFR gene under control of the SV40 early 
promoter. Chinese hamster ovary- or other cells lacking dihydrofolate activity 
that are transfected with these plasmids can be selected by growing the cells in a 
selective medium (alpha minus MEM, Life Technologies) supplemented with the 
chemotherapeutic agent methotrexate. The amplification of the DHFR genes in 
cells resistant to methotrexate (MTX) has been well documented (see, e.g., Alt, 
F. W., Kellems, R. M., Bertino, J. R., and Schimke, R. T., 1978, J Biol. Chem. 
253:1357-1370, Hamlin, J. L. and Ma, C. 1990, Biochem. et Biophys. Acta, 
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7097:107-143, Page, M. J. and Sydenham, M.A. 1991, Biotechnology 9:64-68). 

Cells grown in increasing concentrations of MTX develop resistance to the drug 
by overproducing the target enzyme, DHFR, as a result of amplification of the 
DHFR gene. If a second gene is linked to the DHFR gene, it "is usually co- 
amplified and over-expressed. It is known in the art that this approach may be 
used to develop cell lines carrying more than 1,000 copies of the amplified 
gene(s). Subsequently, when the methotrexate is withdrawn, cell lines are 
obtained which contain the amplified gene integrated into one or more 
chromosome(s) of the host cell. 

Plasmid pC4 contains for expressing the gene of interest the strong 
promoter of the long terminal repeat (LTR) of the Rous Sarcoma Virus (Cullen, 
et al., Molecular and Cellular Biology, March 1985:438-447) plus a fragment 
isolated from the enhancer of the immediate early gene of human cytomegalovirus 
(CMV) (Boshart et al. Cell ¥7:521-530 (1985)). Downstream of the promoter 
are BamHI, Xbal, and Asp718 restriction enzyme cleavage sites that allow 
integration of the genes. Behind these cloning sites the plasmid contains the 3' 
intron and polyadenylation site of the rat preproinsulin gene. Other high efficiency 
promoters can also be used for the expression, e.g., the human p-actin promoter, 
the SV40 early or late promoters or the long terminal repeats from other 
retroviruses, e.g., HIV and HTLVI. Clontech's Tet-Off and Tet-On gene 
expression systems and similar systems can be used to express the TR2 protein in 
a regulated way in mammalian cells (Gossen, M., & Bujard, H. 1992, Proc. Natl. 
Acad. Sci. USA 89: 5547-5551). For the polyadenylation of the mRNA other 
signals, e.g., from the human growth hormone or globin genes can be used as well. 
Stable cell lines carrying a gene of interest integrated into the chromosomes can 
also be selected upon co-transfection with a selectable marker such as gpt, G4 1 8 
or hygromycin. It is advantageous to use more than one selectable marker in the 
beginning, e.g., G418 plus methotrexate. 
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The plasmid pC4 is digested with the restriction enzymes BamHI and 
Asp718 and then dephosphorylated using calf intestinal phosphatase by procedures 
known in the art. The vector is then isolated from a 1% agarose gel. 

The DNA sequence encoding the complete TR2 protein including its 
leader sequence is amplified using PCR oligonucleotide primers corresponding to 
the 5' and 3' sequences of the gene. The 5 ! primer has the sequence: 

5' GCGCGGATCCACCATGGAGCCTCCTGGAGACTGG 3' (SEQ ID NO:22) 
containing the underlined BamHI restriction enzyme site followed by an efficient 
signal for initiation of translation in eukaryotes, as described by Kozak, M., J. 
Mol Biol 196:947-950 (1987), and 21 bases of the coding sequence of TR2 
protein shown in FIG. 1A-1B (SEQ ID NO:l). The 3* primer has the sequence: 
5' GCGCGGTACCTCTACCCCAGCAGGGGCGCCA 3' (SEQ ID NO: 19) 
containing the underlined Asp718 restriction site followed by 21 nucleotides 
complementary to the non-translated region of the TR2 gene shown in FIG. 1 A- 
1B (SEQ ID NO: 1). 

The amplified fragment is digested with the endonucleases BamHI and 
Asp718 and then purified again on a 1% agarose gel. The isolated fragment and 
the dephosphorylated vector are then ligated with T4 DNA ligase. E. coif HB101 
or XL-1 Blue cells are then transformed and bacteria are identified that contain the 
fragment inserted into plasmid pC4 using, for instance, restriction enzyme analysis. 

Chinese hamster ovary cells lacking an active DHFR gene are used for 
transfection. 5 ng of the expression plasmid pC4 is cotransfected with 0.5 \xg of 
the plasmid pSV2-neo using lipofectin (Feigner etaL, supra). The plasmid pSV2- 
neo contains a dominant selectable marker, the neo gene from Tn5 encoding an 
enzyme that confers resistance to a group of antibiotics including G4 1 8. The cells 
are seeded in alpha minus MEM supplemented with 1 mg/ml G41 8. After 2 days, 
the cells are trypsinized and seeded in hybridoma cloning plates (Greiner, 
Germany) in alpha minus MEM supplemented with 10, 25, or 50 ng/ml of 
metothrexate plus 1 mg/ml G418. After about 10-14 days single clones are 
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trypsinized and then seeded in 6-well petri dishes or 10 ml flasks using different 
concentrations of methotrexate (50 nM, 100 nM, 200 nM, 400 nM, 800 nM). 
Clones growing at the highest concentrations of methotrexate are then transferred 
to new 6-well plates containing even higher concentrations of methotrexate 
(1 jaM, 2 nM, 5 nM, 10 mM, 20 mM). The same procedure is repeated until 
clones are obtained which grow at a concentration of 100 - 200 jiM. Expression 
of the desired gene product is analyzed, for instance, by SDS-PAGE and Western 
blot or by reverse phase HPLC analysis. 

Example 4 

Tissue distribution of TR2 mRNA expression 

Northern blot analysis is carried out to examine TR2 gene expression in 
human tissues, using methods described by, among others, Sambrook et al. t cited 
above. A cDNA probe containing the entire nucleotide sequence of the TR2 
protein (SEQ ID NO: 1) is labeled with 32 P using the rafiprime™ DNA labeling 
system (Amersham Life Science), according to manufacturer's instructions. After 
labeling, the probe is purified using a CHROMA SPIN- 100™ column (Clontech 
Laboratories, Inc.), according to manufacturer's protocol number PT 1200-1 . The 
purified labeled probe is then used to examine various human tissues for TR2 
mRNA. 

Multiple Tissue Northern (MTN) blots containing various human tissues 
(H) or human immune system tissues (IM) are obtained from Clontech and are 
examined with the labeled probe using ExpressHyb™ hybridization solution 
(Clontech) according to manufacturer's protocol number PT1 190-1 . Following 
hybridization and washing, the blots are mounted and exposed to film at -70 °C 
overnight, and films developed according to standard procedures. 
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Example 5 

Example 5(a): Expression and Purification of TR2-Fc(TR2-Ig Fusion 
Protein) and Cleaved TR2 

The putative transmembrane domain of translated TR2 receptor was 
determined by hydrophobicity using the method of Goldman et al {Ann. Rev. of 
Biophys. Biophys. Chem. 75:321-353 (1986)) for identifying nonpolar transbilayer 
helices. The region upstream of this transmembrane domain, encoding the 
putative leader peptide and extracellular domain, was chosen for the production 
of an Fc fusion protein. Primers were designed to PCR the corresponding coding 
region from HTXBS40 with the addition of a Bglll site (single underlined), a 
Factor Xa protease site and an Asp718I site (double underlined) at the 3' end. 
PCR with this primer pair (forward 3 5 -men 

5' CAGGAATTCGCAGCCATGGAGCCTCCTGGAGACTG3' (SEQ ID NO:23), 
and reverse primer 53-mer; 

5' CCATACCC AGGTACC CCTTCCCTCGAT AGATCT 

TGCCTTCGTCACCAGCCAGC 3' (SEQ ID NO: 24)), which contains 18 
nucleotides of the TR2 coding sequence, resulted in one band of the expected size. 
This was cloned into COSFclink to give the TR2-Fclink plasmid. The PCR 
product was digested with EcoRI and Asp718I and ligated into the COSFclink 
•plasmid (Johansen, et al, J. Biol Chem. 270:9459-9471 (1995)) to produce TR2- 
Fclink. 

COS cells were transiently transfected with TR2-Fclink and the resulting 
supernatant was immunoprecipitated with protein A agarose. Western blot 
analysis of the immunoprecipitate using goat anti-human Fc antibodies revealed 
a strong band consistent with the expected size for glycosylated TR2-Fc (greater 
than 47.5 kD). A 15L transient COS transfection was performed and the resulting 
supernatant was purified (see below). The purified protein was used to immunize 
mice following DNA injection for the production of mAbs. 
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CHO cells were transfected with TR2-Fclink to produce stable cell lines. 
Five lines were chosen by dot blot analysis for expansion and were adapted to 
shaker flasks. The line with the highest level of TR2-Fc protein expression was 
identified by Western blot analysis. TR2-Fc protein purified from the supernatant 
of this line was used for cell binding studies by flow cytometry, either as intact 
protein or after factor Xa cleavage and biotinylation (see below). 

Clone HTXBS40 is an allelic variant of TR2 which differs from the 
sequence shown in FIG. 1A-1B (SEQ ID NO:l) in that HTXBS40 contains 
guanine at nucleotide 314, thymine at nucleotide 386 and cytosine at nucleotide 
627. 

A plasmid suitable for expression of the extracellular domain of TR2 was 
constructed as follows to immunize mice for the production of anti-TR2 mAbs. 
The Fc fragment was removed from TR2-Fclink by a BgHI/Xbal digestion, 
Klenow was used to fill in the overhangs, and the blunt ends of the plasmid were 
religated. The resulting frame shift introduced a stop codon immediately 
following the amino acids which had originally been introduced into TR2-Fclink 
by the addition of the BglH site. Thus, the C terminus of the extracellular domain 
of TR2 is followed by only 2 amino acids (RS) in this constructed (TR2exlink). 

Example 5(b): Purification of TR2-Fc from CHO El A Conditioned Media 
Followed by Cleavage and Biotinylation ofTR2. 

Assays 

Product purity through the purification was monitored on 15% Laemmli 
SDS-PAGE gels run under reducing and non-reducing conditions. Protein 
concentration was monitored by A 280 assuming an extinction coefficient of 0.7 for 
the receptor and 1.28 for the chimera, both calculated from the sequence. 
Extinction coefficients were confirmed by AAA. 



Protein G Chromatography of the TR2-Fc Fusion Protein 

All steps described below were carried out at 4°C. 15L of CHO 
conditioned media (CM) (0.2 \x filtered following harvest in cell culture) was 
applied to a 5 X 10 cm column of Protein G at a linear flow rate of 199 cm/h. The 
column had been washed with 100 mM glycine, pH 2.5 and equilibrated in 20 mM 
sodium phosphate, 150 mM sodium chloride, pH 7 prior to sample application. 
After the CM was loaded the column was washed with 5 column volumes of 20 
mM sodium phosphate, 150 mM sodium chloride, pH 7 and eluted with 100 mM 
glycine, pH 2.5. 435 ml of eluate was immediately neutralized with 3 M Tris, pH 
8.5 and 0.2 |i filtered. Based on A 280 , extinction coefficient 1.28, 65 mg of protein 
was recovered at 0. 1 5 mg/ml. 

Concentration/Dialysis 

385 ml of Protein G eluate was concentrated in an Amicon stirred cell 
fitted with a 30K membrane to 34 ml at a final concentration of 1.7. The 
concentrate was dialyzed against buffer. 

Factor Xa Cleavage and Purification to Generate Free Receptor 

Six ml (10.2 mg) of TR2-Fc was added to 50 \ig of Factor Xa resulting in 
a 1 :200, e:s ratio. The mixture was incubated overnight at 4°C. 

Protein G Chromatography of the Free TR2 receptor 

A 1 ml column of Protein G was equilibrated in 20 mM sodium phosphate, 
150 mM sodium chloride, pH 6.5 in a disposable column using gravity flow. The 
cleaved receptor was passed over the column 3 times after which the column was 
washed with 20 mM sodium phosphate, 150 mM sodium chloride, pH 6.5 until no 
A 280 absorbance was seen. The column was eluted with 2.5 ml of 100 mM 
glycine, pH 2.5 neutralized with 83 |il of 3 M Tris, pH 8.5. TR2 eluted in the 
nonbound fraction. 
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Concentration 

The nonbound fraction from the Protein G column, about 12 ml, was 
concentrated in a Centricon 10K cell (Amicon) to about 1 ml to a final 
concentration of 3.5 mg/ml estimated by A 280 , extinction coefficient 0.7. 

Mono S Chromatography 

The concentrated sample was diluted to 5 ml with 20 mM sodium 
phosphate, pH 6 and applied to a 0.5 X 5 cm Mono S column equilibrated in 20 
mM sodium phosphate, pH 6 at a linear flow rate of 300 cm/h. The column was 
washed with 20 mM sodium phosphate, pH 6 and eluted with a 20 column volume 
linear gradient of 20 mM sodium phosphate, pH 6 to 20 mM sodium phosphate, 
1 M sodium chloride, pH 6. TR2 protein eluted in the nonbound fraction. 

Concentration/Dialysis 

The 3 ml nonbound fraction from the Mono S column was concentrated 
to 1 ml as above using a Centricon 10K cell and dialyze against 20 mM sodium 
phosphate, 150 mM sodium chloride, pH 7. The concentration following dialysis 
was 2. 1 mg/ml. 

Biotinylation 

0.5 mg of TR2 at 2.1 mg/ml was dialyzed against 100 mM borate, pH 8.5. 
A 20-fold molar excess of NHS-LC Biotin was added and the mixture was left on 
a rotator overnight at 4°C. The biotinylated TR2 was dialyzed against. 20 mM 
sodium phosphate, 150 mM sodium chloride, pH 7, sterile filtered and stored at 
-70°C. Biotinylation was demonstrated on a Western blot probed with strepavidin 
HRP and subsequently developed with ECL reagent. 
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Example 6 

The Membrane Bound Form of the TR2 Receptor is a TNFR which Induces 
Lymphocytes Proliferation and Differentiation 

The members of the tumor necrosis factor (TNFR)/nerve growth factor 
receptor (NGFR) superfamily are characterized by the presence of three to six 
repeats of a cysteine-rich motif that consists of approximately 30 to 40 amino 
acids in the extracellular part of the molecule (Mallett, S. and Barclay, A.N., 
Immunol. Today 72:220 (1991)). The crystal structure of TNFR-I showed that 
the cysteine-rich motif (TNFR domain) was composed of three elongated strands 
of residues held together by a twisted ladder of disulfide bonds (Banner, D.W. et 
ai, Cell 73:431 (1993). These receptors contain a hinge-like region immediately 
adjacent to the transmembrane domain, characterized by a lack of cysteine 
residues and a high proportion of serine, threonine, and proline, which are likely 
to be glycosylated with O-linked sugars. A cytoplasmic part of these molecules 
shows limited sequence similarities - a finding which may be the basis for diverse 
cellular signaling. At present, the members identified from human cells include 
CD40 (Stamenkovic, I. etal, EMBOJ. 5:1403 (1989)), 4-1BB (Kwon, B.S. and 
Weissman, S.M., Proc. Natl. Acad. Sci. USA £6:1963 (1989)), OX-40 (Mallett, 
S. et ai, EMBOJ. 9:1063 (1990)), TNFR-I (Loetscher, H. etal., Cell 67:351 
(1990); Schall, T.J. et al., Cell 67:361 (1990)), TNFR-II (Smith, C.A. et ai. 
Science 245:1019 (1990)), CD27 (Van Lier, R.A. et ai, J. Immunol. 739:1589 
(1987)), Fas (Itoh, N. etal., Cell 66:233 (1991)), NGFR (Johnson, D. et ai. Cell 
47:545 (1986)), CD30 (Durkop, H. etal., Cell 68:421 (1992)) and LTBR (Baens, 
M. etal, Genomics 76:214 (1993)). Viral open reading frames encoding soluble 
TNFRs have also been identified, such as SFV-T2 (Smith, C.A. et al, Science 
245:1019 (1990)), Va53 (Howard, S.T. etal, Virology 750:633 (1991)), G4RG 
(Hu, F.-Q. etal., Virology 204:343 (1994)) and crmB (Smith, G.L., J. Gen. Viol. 
74:1725 (1993)). 
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Recent intensive studies have shown that these molecules are involved in 
diverse biological activities such as immunoregulation (Armitage, R.J., Curr. 
Opin. Immunol. 6:401 (1994); Smith, C.A. et aL, Cell 75:959 (1994)), by 
regulating cell proliferation (Banchereau, J. etaL, Science 257:70 (1991); Pollok, 
K.E. et aL, J. Immunol. 150:111 (1993); Baum, P.R. et aL, EMBO J. 73:3992 
(1994)), cell survival (Grass, H.-J. etaL, Blood 53:2045 (1994); Torcia, M. etaL, 
Cell 55:345-356 (1996)), and cell death (Tartaglia, L.A. et aL, Cell 74:845 
(1993); Gillette-Ferguson, I. and Sidman, C.L., Eur. J. Immunol. 2^: 1181 (1994); 
Krammer, PH. et aL, Curr. Opin. Immunol. 6:219 (1994)). 

Because of their biological significance and the diverse membership of this 
superfamily, we predicted that there would be further members of the superfamily. 
By searching an EST-data base, we have identified a new member of the TNFR 
superfamily. We report here the initial characterization of the molecule called 
TR2. 

Material and Methods 

Identification and Cloning of New Members of the TNFR Superfamily 

An expressed sequence tag (EST) cDNA data base, obtained over 500 
different cDNA libraries (Adams, M.D. etaL, Science 252:1651 (1991); Adams, 
M.D. et aL, Nature 355:632 (1992)), was screened for sequence similarity with 
cysteine-rich motif of the TNFR superfamily, using the blastn and tblastn 
algorithms (Altschul, S.F. et aL, J. Mol. Biol. 275:403 (1990)). One EST 
(HT1SB52 - ATCC Accession No. 97059) was identified in a human T cell line 
library which showed significant identity to TNFR-II at the amino acid level. This 
sequence was used to clone the missing 5' end by RACE (rapid amplification of 
cDNA ends) using a 5'-RACE-ready cDNA of human leukocytes (Clontech, 
PT1 155-1. Cat #7301-1). This sequence matched four further ESTs (HTOBH42, 
HTOAU65, HLHA49 and HTXBS40). Complete sequencing of these and other 
cDNAs indicated that they contained an identical open reading frame homologous 
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to the TNFR superfamily and was named TR2. Analysis of several other ESTs 
and cDNAs indicated that some cDNAs had additional sequences inserted in the 
open reading frame identified above, and might represent various partially-spliced 
mRNAs. - - - 

Cells 

The myeloid and B-cell lines studied represent cell types at different stages 
of the differentiation pathway. KGla and PLB 985 (Koeffler, H. et al, Blood 
56:265 (1980); Tucker, K. et al, Blood 70:372 (1987)) were obtained from 
Phillip Koeffler (UCLA School of Medicine), BJA-B was from Z. Jonak 
(SmithKline Beecham), and TF 274, a stromal cell line exhibiting osteoblastic 
features, was generated from the bone marrow of a healthy male donor (Tan & 
Jonak, unpublished). All of the other cell lines were obtained from the American 
Type Culture Collection ^o^vru^MD) r Monocytes were prepared by 
differential centrifligation of peripheral blood mononuclear cells (PBMC) and 
adhesion to tissue culture dish. CD19\ CD4 + and CD8 + were isolated from 
PBMC by immunomagnetic beads (Dynal, Lake Success, NY). Endothelial cells 
from human coronary artery were purchased from clonetics (Clonetics, CA). 

RNA andDNA Blot Hybridization 

Total RNA of adult tissues was purchases from Clontech (Palo Alto, CA), 
or extracted from primary cells and cell lines with TriReagent (Molecular 
Research Center, Inc., Cincinnati, OH). 5 to 7.5 ug of total RNA was 
fractionated in a 1% agarose gel containing formaldehyde, as described 
(Sambrook et al, Molecular Cloning, Cold Springs Harbor (1989)) and 
transferred quantitatively to Zeta-probe nylon membrane (Biorad, Hercules, CA) 
by vacuum-blotting. The blots were prehybridized, hybridized with 32 P-labeled 
XhoI/EcoRI fragment of TR2 or OX-40 probe, washed under stringent conditions 
and exposed to X-ray films. 
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High molecular weight human DNA was digested with various restriction 
enzymes and fractionated in 0.8% agarose gel. The DNA was denatured, 
neutralized and transferred to nylon membrane and hybridized to 32 P-labeled TR-2 
or its variant cDNA. _ _ 

In Situ Hybridization and FISH Detection 

The in situ hybridization and FISH detection of TR2 location in human 
chromosome were performed as previously described (Heng, H.H.Q. et aL, Proa 
Natl. Acad. ScL USA 89:9509 (1992); Heng, H.H.Q. et aL, Human Molecular 
Genetics 3:61 (1994)). FISH signals and the DAPI banding pattern were recorded 
separately by taking photographs, and the assignment of the FISH mapping data 
with chromosomal bands was achieved by superimposing FISH signals with DAPI 
banded chromosome (Heng, H.H.Q. and Tsui, L.-C, Chromosoma. 102:325 
(1993)). 

Production of Recombination TR2-Fc Fusion Proteins 

The 5* portion of the TR2 containing the entire putative open reading 
frame of extracellular domain was amplified by polymerase chain reaction (Saiki, 
R.K. et aL, Science 239:487 (1988)). For correctly oriented cloning, a Hindlll 
site on the 5' end of the forward primer and a Bglll site on the 5* end of the 
reverse primer were created. The Fc portion of human Ig^ was PCR-amplified 
from ARH-77 (ATCC) cell RNA and cloned in Smal site of P Gem7 vector 
(Promega). The Fc fragment including hinge, CH 2 , and CH 3 domain sequences 
contained a Bglll site at its 5' end and an Xhol site at its 3' end. The Hindlll- 
Bglll fragment of TR2 cDNA was inserted into the upstream of human IgG^c 
and an in frame fusion was confirmed by sequencing. The TR2-Fc fragment was 
released by digesting the plasmid with Hindlll-Xhol and cloned it into pcDNA3 
expression plasmid. 
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The TR2-Fc plasmid, linearized with Pvul, was transferred into NIH 3T3 
by the calcium phosphate co-precipitation method. After selection in 400 fig/ml 
G418, neomycin-resistant colonies were picked and expanded. ELISA with anti- 
human IgG! and Northern analysis with 32 P-labeled TR2 probe were used to select 
clones that produce high levels of TR2-Fc in the supernatant. In some 
experiments, a slightly different engineered TR2-Fc produced in Chinese hamster 
ovary (CHO) cells was used. The TR2-Fc was purified by protein G 
chromatography, and the amino acid sequence of N-terminus of the TR2-Fc fusion 
protein was determined by automatic peptide sequencer (ABI). TR2-Fc was used 
to produce polyclonal rabbit anti-TR2 antibodies. 

Blocking MLR-Mediated PBMC Proliferation 

PBMC were isolated from three healthy adult volunteers by Ficoll gradient 
centrifugation at 400 x g for 30 minutes. PBMCs were recovered, washed in 
RPMI 1640 (GEBCO-BRL) supplemented with 10% FBS, 300 ^g/ml L-glutamine 
and 50 \xg/m\ genetomycin, and adjusted to 1 x 10 6 cells/ml for two donors and 
to 2 x 10 5 cells/ml for the third donor. 

Fifty ixl of each cell suspension was added to 96-well (round bottom) 
plates (Falcon, Franklin Lakes, NS) together with 50 ^1 of TR2-Fc, EL-5R-Fc, 
anti-CD4 mAb or control mAb. Plates were incubated at 37°C in 5% C0 2 for 
96 hours. One ^Ci of [ 3 H]-methylthymidine (ICN Biomedicals, Costa Mesa, CA) 
was then added for an additional 16 hours. Cells were harvested and radioactivity 
was counted. 

Results and Discussion 

TR2 is a New Member of the TNFR Superfamily 

FIG. 1A-1B (SEQ ID NO:2) shows the amino acid sequence of TR2 
deduced from the longest open reading frame of one of the isolated cDNAs 
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(HLHAB49). Comparison with other sequenced cDNAs and ESTs in the 
database indicated potential allelic variants which resulted in amino acid changes 
at positions 17 (either Arg or Lys) and 41 (either Ser or Phe) of the protein 
sequence shown in FIG. 1 A- IB (amino acid residues -20 and 5 in SEQ ID NO: 2). 

The open reading frame encodes 283 amino acids with a calculated 
molecular weight of 30,417. The TR2 protein was expected to be a receptor. 
Therefore, the potential signal sequence and transmembrane domain were sought. 
A hydrophobic stretch of 23 amino acids towards the C terminus (amino acids 
201-225) (FIG. 1 A-1B) was assigned as a transmembrane domain because it made 
a potentially single helical span, but the signal sequence was less obvious. The 
potential ectodomain TR2 was expressed in NIH 3T3 and CHO cells as a 
Fc-fusion protein, and the N-terminal amino acid sequence of the recombinant 
TR2-Fc protein was determined in both cases. The N-terminal sequence of the 
processed mature TR2 started from amino acid 37, indicating that the first 36 
amino acids constituted the signal sequence (FIG. 1 A- IB). 

Using a polyclonal rabbit antibody raised to TR2, the molecular size of 
natural TR2 was determined to be 38 kD by Western analysis. Since the protein 
backbone of processed TR2 would be composed of 247 amino acids with an Mr 
of 26,000, the protein must be modified post-translationally. Two potential 
asparagine-linked glycosylation sites are located at amino acid positions 1 10 and 
173 (FIG. 1A-1B). Along with the other members of the TNFR family, TR2 
contains the characteristic cysteine-rich motifs which have been shown by X-ray 
crystallography (Banner et al. f Cell 73:431 (1993)) to represent a repetitive 
structural unit (Banner, D.W. et aL, Cell 73:431 (1993)). FIG. 16 shows the 
potential TNFR domain aligned among TR2 (SEQ ID NO:2), TNFR-I (SEQ ID 
NO: 10), TNFR-II (SEQ ID NOT 1), CD40 (SEQ ID NO: 12) and 4- IBB (SEQ 
ID NO: 13). TR2 contained two perfect TNFR domain and two imperfect ones. 

The TR2 cytoplasmic tail (TR2 cy) appears to be more closely related to 
those of CD40cy and 4-lBBcy, and does not contain the death domain seen in the 
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Fas and TNFR-I intracellular domains. Although the homology is moderate, the 
Thr 266 of TR2 is aligned with Thr 233 of 4-1BB and Thr 254 of CD40. This may be 
significant because Inui et al., (Inui, S. etal, Eur. J. Immunol. 20M41 (1990)) 
found that Thr 254 was essential for CD40 signal transduction and when the"Thr 254 
of CD40 was mutated, the CD40 bd did not bind to the CD40cy (Hu, H.M. et al., 
J. Biol. Chem. 269:30069 (1994)). Signals through 4-1BB and CD40 have been 
shown to be costimulatory to T cells and B cells respectively (Banchereau, J. and 
Rousset, F., Nature 553:678 (1991); Hurtaldo, J. et al., J. Immunol. 755:3360 
(1995)). 
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TABLE 2 

Gene Expression of TR2 and OX40 in Tissues and Cells 





SOURCE 


TR2 


GENE 

OX-40 




Tissues (adult) 










5 
10 
15 

1 


Brain 

Heart 

Lung 

Thymus 

Spleen 

Liver 

Kidney 

Small Intestine 

Prostate 

Skeletal Muscle 

Ovary 

Pancreas 

Colon 

Thyroid 

Spinal Cord 

Trachea 

Adrenal Gland 

Lymph Node 




+/- 
+ 
+ 

+++ 

+ 

+ 
+++ 

+/- 
+ 
+ 

+ 
+ 

+ 

+++ 




- 

- 
- 




Primary Cells 










25 

'•"iwr 

30 


PBL, CD 19+ 

PBL, CD8+ 

PBL, CD8+ (activated) 

PBL 

PBL, CD4+ (activated) 
Bone Marrow 
Monocyte 
Endothelial 


++ 
++ 
++ 
+-M- 
-r-f- 
+ 

-f + 
+ 




++ 

++ 




Hematopoietic Cell Lines 










Erythroid 










4S 


K562 
ITEL 




+ 








Myeloid 










40 


KGla 

KGl 

PLB985 

HL60 

U937 

THP-1 


(Promyeloblast) 

fMyeloblast) 

(Late myeloblast) 

(Promyelocyte) 

(Promonocyte) 

(Monocyte) 


± 

± 
± 
+ 




+ 
± 




B- Lymphocyte 










45 


REH 
BJA-B 
Raji 
IM-9 


(Pre-preB) 
(Early B JgM) 
(Mature B,TrM) 
(Mature B, IgG) 


± 
+ 








T-Lymphocyte 










50 


Sup-Tl 
Molt-3 
H9 
Jurkat 


(CD4+) 
(CD4H-) 
(CD4+) 
(CD4+) 


± 




+ 




no entry = not tested, - = not detected, 

± to ++ = increasing amounts of RNA detected 
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TR2 RNA Expression 

A human tissue RNA blot was used to determine tissue distribution of TR2 
RNA expression. TR2 RNA was detected in several tissues with a relatively high 
level in the lung, spleen and thymus (Table 2) but was not detected'by this method 
in the brain, liver or skeletal muscle (Table 2). TR-2 was also expressed in 
monocytes, CD19 + B cells, and resting or PMA plus PHA-treated CD4 + or CD8 + 
T cells. It was only weakly expressed in bone marrow and endothelial cells 
(Tables 2 and 3), although expression was observed in the hematopoietic cell line 
KGla (Table 2). For comparison, the tissue distribution of OX-40, another 
member of the TNFR superfamily, was examined (Table 2). Unlike TR2, OX-40 
was not detected in any tissues examined, and was detected only in activated T- 
cells and KGla. Several cell lines were negative for TR2 expression, including TF 
274 (bone marrow stromal), MG 63 and TE 85 (osteosarcoma), RL 95-2 
(endometrial sarcoma), MCF-7 and T-47D (breast cancer cells), BE, HT 29 
(colon cancer cells), HTB-1 1 and IMR-32 (neuroblastoma), although TR2 was 
found in the rhabdosarcoma HTB-82 (data not shown). 

Several cell lines were examined for inducible TR2 expression. HL60, 
U937 and THP1, which belong to the myelomonocytic lineage, all increased TR2 
expression in response to the differentiation agents PMA or DMSO. Increases in 
expression in response to these agents were observed in KGla and Jurkat cells. 
In contrast, PMA did not induce TR2 expression in MG63, but unexpectedly 
TNF-a did. 

In almost all cases, the predominant mRNA was approximately 1 .7 kb in 
size, although several higher molecular weight species could be detected in some 
tissues. While many cDNAs and ESTs which were sequenced contained insertions 
in the coding region indicative of partial splicing, we only detected one major 
protein by Western blot, suggesting that if these encode alternate proteins they are 
not evident in the cells we examined. The abundance of higher MW mRNAs 
raises the possibility that TR2 may in part be regulated at the level of mRNA 
maturation. 
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TABLE 3 

Relative Abundance (RA) of TR2 RNA in 
Various Tissue and Cell Types 



Tissue or- Cell Type 


RA 


Tissue or Cell Type 


RA 


Activated Macrophage (LPS) 


22 


Fetal Heart 


1 


Breast Lymph Node 


5 


Fetal Lung 


2 


B Cell Lymphoma 


5 


Glioblastoma 


1 


Activated Monocytes 


2 


Hypothalamus, Schizophrenia 


1 


Activated T Cells 


3 


Infant Brain 


2 


Activated Neutrophil 


2 


Lung 


2 


Tonsils 


5 


Osteosarcoma 


1 


Thymus 


3 


Pancreas Tumor 


1 


Anergic T-cell 


1 


Placenta 


2 


Jurkat T-Cell 


3 


Small Intestine 


I 


Raji Cells (Cycloheximide Treated) 


3 


Smooth Muscle 


I 


Atrophic Endometrium 




Stomach 


2 


Bone Marrow 




T-Cell Lymphoma 


1 


Brain 




T-Cells 


1 


Breast 




Testes 


3 


CD34 Depleted BuiTy Coat (Cord Blood) 




Testes Tumor 


2 


Cerebellum 




Tongue 


1 


Corpus Colosum 




Umbilical Vein Endothelial Cells 


2 


Caco-2 Cells (adenocarcinoma, colon) 




White Fat 


3 


Fetal Dura Mater 









TR2 Maps at 1P36.2-P36.3 



The FISH mapping procedure was applied to localize the TR2 gene to a 
specific human chromosomal region. The assignment of a hybridization signal to 
the short arm of chromosome 1 was obtained with the aid of DAPI banding. A 
total of 10 metatic figures, were photographed which indicated that the TR2 gene 
is located on the chromosome 1 region p36.2-p36.3. The TR2 position is in close 
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proximity with CD30 (Smith, C:A. et al, Cell 75:1349-1360 (1993), 4-1BB 
(Kwon, B.S. et al, J. Immunol. J 52:2256-2262 (1994); Goodwin, R.G. et al, 
Eur. J. Immunol. 23:2631-2641 (1993), OX-40 (Birkeland, M.L. et al, Eur. J. 
Immunol. 25:926-930 (1995), and TNFR-II (Baker, E. et al:, Cytogenet. & Cell 
Genet. 57 :\ 17-1 18 (1991), suggesting that it evolved through a localized gene 
duplication event. Interestingly, all of these receptors have stimulatory 
phenotypes in T cells in response to cognate ligand binding, in contrast to Fas and 
TNFR-I which stimulate apoptosis. This prompted us to test if TR2 might be 
involved in lymphocyte stimulation. 

TR2-Fc Interfaces with MLR-Mediated Proliferation ofPBMC 

To determine the possible involvement of cell surface TR2 with its ligand 
in lymphocyte proliferation, we examined allogeneic MLR proliferative responses. 
When TR-2-Fc was added to the culture, a significant reduction of maximal 
responses was observed (p <0.05). The addition of TR2-Fc at 100 ug/ml inhibited 
the proliferation up to 53%. No significant inhibition of proliferation was 
observed with the control IL-5R-Fc. Surprisingly, at high concentrations (10-100 
fig/ml) IL-5R-Fc was shown to enhance proliferation. An anti-CD4 mAb assayed 
simultaneously inhibited MLR-mediated proliferation up to 60%, whereas a 
control anti-IL-5 mAb failed to inhibit the proliferation. It is well known that a 
major component of the MLR proliferative response is T cell-dependent; hence, 
it would appear that inhibiting the interaction of TR2 with its ligand prevents 
optimal T lymphocyte activation and proliferation. The inhibition of MLR 
proliferation by TR2-Fc at concentrations of 1-100 ug/ml compares favorably with 
biological effects seen with other TNFR-Fc superfamily members such as CD40- 
Fc (unpublished results, Jeremy Harrop). 

Hence, we have identified an additional member of the TNF receptor 
superfamily which either plays a direct role in T cell stimulation or binds to a 
ligand which can stimulate T cell proliferation through one or more receptors 
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which may include TR2. Consistent with a direct role for TR2 is the similarity of 
the cytoplasmic domain with CD40 and 4- IBB. We are currently trying to 
j^xidentify this ligand to which TR2 binds in order to clarify its role. 

It will be clear that the-invention may be practiced otherwise than as 
particularly described in the foregoing description and examples. 

Numerous modifications and variations of the present invention are 
possible in light of the above teachings and, therefore, are within the scope of the 
appended claims. ' 

The entire disclosure of all publications (including patents, patent 
applications, journal articles, laboratory manuals, books, or other documents) 
cited herein are hereby incorporated by reference. 



